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ABSTRACT 
 The purpose of this thesis was to explore differences in critical thinking skills between 
freshmen and senior Animal Science Students at Iowa State University and determine where in 
the curriculum the critical thinking skills are being taught. This study encompassed 4 objectives: 
1) compare freshmen and senior animal science students to the national critical thinking skill 
norms 2) determine if there’s a difference between freshmen and senior animal science students 
in critical thinking 3) determine if there’s a difference in critical thinking skills based upon 
selected demographics variables 4) map critical thinking skills instructional methods in core 
animal science courses.  
 For objectives one, two, and three a group of freshmen (n=55) and seniors (n=60) in the 
Department of Animal Science at Iowa State University were randomly selected to participate in 
taking the Critical Thinking Assessment Test (CAT) during the fall 2016 semester. The results 
were analyzed for comparisons with national norm scores, between each group, and based upon 
specific demographics.  
 For objective four, twelve of the core animal science courses were selected to be 
analyzed to determine where the critical thinking skills were being taught. Instructors of each 
course participated in a self-reporting interview to gather the information which skills were being 
taught and examples of each of the fifteen critical thinking skills described by the CAT Exam 
being implemented. From there, an analysis of how effective the methods were to teach critical 
thinking skills was conducted.  
 For objective one the freshman group scored better than the national norm with a p< 0.05, 
while the senior group scored less than the national norm p <0.05. In objective two the senior 
group scored significantly higher than the freshmen group p<0.05.  Objective three results 
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showed no significant difference within gender, however there was a difference between 
freshmen males and senior females. Objective four, there was no consistency in teaching critical 
thinking skills within the curriculum.  
 Overall this study provides the Department of Animal Science at Iowa State University a 
better understanding of the level of critical thinking skills for each grade level and where the 
skills are being taught within the curriculum. 
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CHAPTER 1. INTRODUCTION 
 Higher order thinking has been the expectation of higher education.  With the current 
desire for students being able to utilize critical thinking skills out in the industry, universities 
have to critically evaluate their curriculum to ensure the students are being given the chance to 
learn and exercise these skills (Wagner, 2008).  These skills not only will impact students’ 
experiences within formal education but also impact their personal development and career 
advancements within the industry.  This chapter provides a background of critical thinking as 
applied in education and in agriculture and the needs of assessing students’ critical thinking skills 
in higher education and where they can be developed throughout a curriculum.  
Background and Setting 
As the agriculture industry continues to evolve, students need not only technical skills but 
also skills to problem solve and critically think.  Higher order cognitive skills such as critical 
thinking skills prepare students to make an impact in the industry as they can perform more 
complex tasks (Tsui, 2002).  Throughout higher education programs, students should be able to 
develop specific skills to think critically which advances their ability to reason (Paul & Elder, 
2006).  By connecting the technical aspects of higher education to personal development skills, 
students will be able to analyze, assess, and improve their thinking skills (Paul & Elder, 2006).  
Critical thinking, as defined by Rudd, Baker and Hoover, is a reasoned, purposive, and 
introspective approach to solving problems or addressing questions with incomplete evidence 
and information for which an incontrovertible solution is unlikely (Rudd, Baker, & Hoover, 
2000, p. 5).  Critical thinking skills outcomes and individual processes are best assessed to be 
successful through individual educational assignments (Garrison, 2001).   
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Although learner centered teaching approaches can be beneficial to students’ critical 
thinking skills, currently there are multiple debates over what are the best ways to effectively 
teach and exercise critical thinking skills (Perry, 2014).  Instructors can teach these skills within 
the subject matter or the skill of critical thinking can be taught alone (Kuhn, 1999).  The best 
method is to combine the approaches to incorporate critical thinking skills within the subject 
matter of the course while being open about teaching the skills (Burbach et al., 2012).  
Instructors must focus on analyzing the material of their course to see if they are actually putting 
methods in place to teach critical thinking skills (Perry, 2014).  
 The industry values critical thinking skills as they see a strong correlation between an 
individual who possess critical thinking skill and a positive relationship with their peers (Kegan, 
1994).  Not only can these individuals lead a group of their peers but they can also work through 
demanding situations in the work place (Kolb, 1984).  
Today, employers and universities desire graduates who acquire critical thinking skills by 
the end of a higher education program (Association of American Colleges and Universities 
[AACU], 2004, 2007, 2010).  Wanting these college graduates to have critical thinking skills, 
specific departments are now analyzing how they are teaching these skills.  Colleges and 
universities see the importance in their setting when teaching students critical thinking skills as 
there’s a direct correlation between critical thinking skills and advanced grade levels (Williams, 
et. al, 2003).  
 By identifying the need for graduates to obtain critical thinking skills, the Department of 
Animal Science at Iowa State University values the industry’s desire for graduates with critical 
thinking skills.  Within the Animal Science curriculum, one of the goals states that animal 
science students will develop problem solving skills during their time at Iowa State University 
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(E.Lonergan, Personal Communication, January 31, 2017).  This goal consists of sub-goals that 
include a) students will be able to assess specific situations, b) gather information, c) identify 
sources for information needed, d) distinguish relevant from irrelevant information, and e) other 
critical thinking skills ( E.Lonergan, Personal Communication, January 31, 2017).   
 In Fall 2013, the College of Agriculture and Life Sciences (CALS) Outcomes 
Assessment Committee required departments to assess their graduating seniors critical thinking 
skills as outlined within the department and college outcomes (Skaar, 2013).  There are many 
different assessment tools to assess critical thinking skills, however the department utilized the 
Critical Thinking Assessment Test (CAT) developed by researchers at Tennessee Tech 
University (Skaar, 2013).  This specific assessment of the seniors in the Department of Animal 
Science was led by Associate Professor of Animal Science, Dr. Brad Skaar.   
After this study, Skaar concluded that animal science students in the fall of 2013 scored 
at the national peer average for the domains tested by the CAT exam (Skaar, 2013).  One of the 
fifteen critical thinking skills assessed by CAT was significantly different than the national 
means.  ISU Animal Science students score below national norm (1.03 versus 1.35 at p< 0.05) 
for Question 3, “provide alternative explanations for a pattern of results that has many causes” 
(Skaar, 2013).  All the other questions and overall score were comparable to the national norm 
(Skaar, 2013).  With the students scoring the same as the national norm, the department was 
unable to answer the CALS Assessment Committee question, “Seniors in your Department meet 
CALs problem solving/ critical thinking learning outcomes?”  (Skaar, 2013).   
Skaar’s study obtained a greater understanding of where the seniors from Iowa State 
University in Animal Science compare to other institutions.  The specific comparisons of critical 
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thinking skills allow faculty in the department to understand what skills the students need more 
help developing.   
 Although Skaar’s study was a good starting point, it didn’t provide enough data to 
completely answer Iowa State University College of Agriculture and Life Sciences outcome 
questions.  One question that was left unanswered after this study was, “What impact does the 
Department of Animal Science curriculum have on animal science student’s critical thinking 
skills?”  To more fully understand the impacts and answer this question, the department needs to 
study a group of freshmen and seniors along with the animal science courses to see if there is a 
change between the two groups of students and what activities instructors in animal science are 
performing (maybe incorporating) to enhance critical thinking skills.   
Statement of the Problem 
There are limited data collected that have analyzed the Department of Animal Science 
curriculum’s impact on critical thinking skills.  The department faces a problem as they do not 
fully know the impact that the curriculum has on students in the area of critical thinking skills.  
To fully understand the impact of a program on critical thinking skills, a comparison between 
two class standings must be evaluated.  Along with an assessment of specific critical thinking 
skills students have, an examination of the core courses that they are taking is needed to map out 
where the skills are being taught throughout a student’s time in the program.  
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Purpose and Objectives 
The purpose of this study was to explore differences in critical thinking skills between 
freshmen and senior Animal Science students and determine where in the curriculum the critical 
thinking skills are taught.  Four objectives guided this study:  
1. Compare freshmen and senior Animal Science students to the national critical 
thinking skill norms 
2. Determine if there’s a difference between freshmen and senior Animal 
Science students in critical thinking 
3. Determine if there’s a difference in critical thinking skills based upon selected 
demographic variables 
4. Map critical thinking skills instructional methods in core animal science 
courses 
Significance of the Study 
The results from this study will create foundational knowledge for the department to 
understand if there’s a difference between the two groups of animal science students and where 
the instructors of core courses are reporting that they teach critical thinking skills.  As a result of 
this process, faculty, staff and administrators will be able to understand the impact the current 
curriculum has on students’ critical thinking skills.  Additionally, this study will go deeper into 
the course work to analyze how the students are being assessed on critical thinking skills.  
Definition of Selected Terms 
1. Critical thinking- “a reasoned, purposive, and introspective approach to solving problems 
or addressing questions with incomplete evidence and information for which an 
incontrovertible solution is unlikely” (Rudd, Baker, & Hoover, 2000, p. 5). 
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2. Critical Thinking Assessment Test (CAT)- a fifteen- question, short answer assessment 
tool designed to assess a broad range of skills that are components of critical thinking and 
real- world problem solving (Center for Assessment and Improvement of Learning 
(CAIL), 2017).  
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CHAPTER 2. LITERATURE REVIEW 
 This chapter outlines the numerous definitions of critical thinking and how this study 
operationalizes critical thinking skills.  In addition, this chapter will explore the foundations of 
curriculum mapping, review multiple assessment tools and develop an operational definition of 
critical thinking skills.  From assessing critical thinking skills, we will also look at how an 
individual learns so that educators can utilize methods to teach and improve critical thinking 
skills.   
Definition of Critical Thinking 
 When looking at critical thinking skills, one must understand what this specific skill can 
be defined as and how it can best be utilized in a learning environment.  Critical thinking skills 
utilize higher order thinking from the individual (Rudd, Baker & Hoover, 2000).  Higher order 
thinking and critical thinking skills are not equal to one another as the individual has to utilize 
the higher order thinking to be able to practice critical thinking skills (Rudd, Baker & Hoover, 
2000).  
Researchers have created and modified multiple definitions of critical thinking skills over 
the years.  According to Paul (1995), critical thinking is the purposeful thinking process where 
the individual systematically imposes criteria and intellectual standards upon a thought.  Pierce 
(2005) modified the definition of critical thinking as the “thinking that a discipline needed and 
relied upon by practitioners in that discipline-  thinking that is accurate, relevant, reasonable and 
rigorous, whether it be analyzing, evaluating, supporting argument and hypotheses, solving 
problems, or making decisions”(p.81).  As research continues to build upon the basic definition, 
the discipline of agricultural education utilizes the definition of critical thinking which describes 
the skill as “a reasoned, purposive and introspective approach to solving problems or addressing 
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questions with incomplete evidence and information for which an incontrovertible solution is 
unlikely” (Rudd, Baker & Hoover, 2000, p.5).  
Critical thinking has been defined as “purposeful self-regulatory judgement” (Facione, 
1997, p. 3) to “reasonable and reflective thinking that is focused on deciding what to believe or 
do” (Norris and Ennis, 1989, p. 3).  According to Paul and Elder (2001), critical thinking is “the 
mode of thinking about a subject, content, or problem in which the thinker improves the quality 
of his or her thinking by skillfully taking charge of the structures inherent in thinking and 
imposing intellectual standards upon them” (p.xx).  These definitions stem from a metacognitive 
approach.  Metacognitive approach is a sense making, self-assessment, and reflection approach 
on what worked and what needs improving (Behavioral and Social Sciences and Education 
National Research Council, 2000).  Learners exposed to this type of approach are able to predict 
their own performance on the task at hand, while monitoring their current levels of mastery and 
understanding (Behavioral and Social Sciences and Education National Research Council, 2000).  
From those definitions, critical thinking in general has four steps to achieving this higher order 
thinking skill.  Learners must be exposed to a structured problem, assessment of thinking, 
learners’ self-assessment of thinking, and improvements of the thinking (Broadbear, 2012).  
Researchers have deemed these steps essential to achieving critical thinking (Broadbear, 2012).       
Conceptual Framework 
Since individuals utilize higher order thinking to be able to practice critical thinking 
skills, literature has extensively used Bloom’s Taxonomy.  Bloom describes this hierarchical 
theory with six different levels (Fig. 2.1): evaluation, synthesis, analysis, application, 
comprehension, and knowledge (Bloom, 1956). 
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Figure 2.1. Bloom’s Taxonomy. From Bloom,1956.  
 Bloom (1956) believed that to accomplish higher order thinking as one  starts at the 
lowest complexity and moves to more complex thinking skills.  Knowledge is the basis of 
cognitive skills and describes the individual’s ability to retain specific pieces of information 
(Adams, 2015).  Being able to recall facts and then being able to understand the meaning of that 
information is the difference between knowledge and the next step comprehension (Adams, 
2015).  Putting the knowledge into your own words shows the skill of comprehension and utilizes 
more cognitive skills.  Climbing the pyramid of taxonomy, next is application.  When 
experiencing this level of thinking, the individual can apply known strategies to new situations 
(Adams, 2015).  The next level one enters is where the skills of thinking critical are put into 
practice (Adams, 2015).  The ability to sort through relevant and irrelevant information and the 
ability to build an argument with supporting facts require the level of analysis.  The fifth skill on 
the pyramid is synthesis.  This skill allows the individual to create a product within a situation 
being faced (Adams, 2015).  Lastly, the highest level on the Bloom’s Taxonomy pyramid is 
Evaluation 
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evaluation.  Evaluation is the most complex trait within critical thinking (Adams, 2015).  When 
an individual evaluates a situation, one must not only evaluate the situation on hand but also tie 
all elements of Bloom’s Taxonomy such as knowledge or comprehension to have an effective 
evaluation (Adams, 2015).  The ability to master higher order thinking, which Bloom describes 
in his taxonomy pyramid, is one of the most significant activities in life according to Brookfield 
(1987).  
 Anderson and Krathwohl revised the framework of the Taxonomy of Educational 
Objectives to a Theory Into Practice in 2001 (Anderson, Krathwohl, et al., 2001).  Anderson and 
Krathwohl’s theory has two parts the Knowledge Dimension and the Cognitive Process 
Dimension.  Knowledge Dimension (Fig. 2.2) of Bloom’s Revised Taxonomy consists of four 
parts: Factual Knowledge, Conceptual Knowledge, Procedural Knowledge and Metacognitive 
Knowledge (Krathwohl, 2002).  Factual Knowledge is the basic element a student needs to 
obtain to understand a specific discipline or solve a problem (Krathwohl, 2002).  Students are 
able to practice this step by learning terms or specific details and elements of a discipline.  
Conceptual Knowledge is the interrelationship between basic elements that make up a larger 
structure allowing them to work together (Krathwohl, 2002).  Knowledge of categories, 
principles, theories, models, and structures allow one to be successful in this step (Krathwohl, 
2002).  One must contain the knowledge of specific skills and techniques in a subject area to act 
on procedural knowledge which is taking the skills one has and putting it into action (Krathwohl, 
2002).  Lastly, metacognitive knowledge is the knowledge of cognition in general along with the 
awareness of the individual’s cognition (Krathwohl, 2002).  Self and strategic knowledge are 
essential actions within this step (Krathwohl, 2002).  
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Knowledge Dimension  
1) Factual Knowledge 
2) Conceptual Knowledge 
3) Procedural Knowledge 
4) Metacognitive Knowledge 
Figure 2.2. Knowledge Dimesion of the Revised Bloom’s Taxonomy.  From Krathwohl, 2002.  
 The second part of the Revised Bloom’s Taxonomy is the Cognitive Process which is a 
six step process (Fig. 2.3).  The first step is remember what an individual must retrieve relevant 
information from their long term memory (Krathwohl, 2002).  Second, is determining the 
meaning of various types of communications which involves interpreting, classifying, 
summarizing, and explaining (Krathwohl, 2002).  Third, apply allows one to carry out a 
procedure in a situation which they must execute or implement the knowledge they have 
(Krathwohl, 2002).  Fourth step is to analyze the information by breaking it down into parts to 
see how things work amongst themselves to support the overall structure or purpose (Krathwohl, 
2002).  One might differentiate or organize pieces of information to achieve this step.  Fifth, is 
the step of evaluating or making judgement based on a given criteria or standard by checking or 
critiquing what one has available to them (Krathwohl, 2002).  Lastly, the sixth step is to create.  
This allows an individual to pull all the different elements together to produce an original 
product (Krathwohl, 2002).    
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Cognitive Process  
1) Retrieve relevant information from long term memory 
2) Determining the meaning of various types of communications 
3) Execute procedure/ Implement information 
4) Analyze the information 
5) Evaluate or make judgement based on a given criteria 
6) Gather different elements together to produce an original product 
Figure 2.3. Cognitive Process of the Revised Bloom’s Taxonomy. From Krathwohl, 2002.  
 Critical thinking skills embody the ideas that Bloom’s Taxonomy describes from utilizing 
the individuals own beliefs, opinions, and judgement through the process of forming a solution 
for a situation on hand (Paul, 1985).  Research supports the theory that to think critically is an 
essential skill to possess (Whittington and Stup, 1997).  Application of theories behind higher 
order thinking and critical thinking is crucial to help make a positive impact on higher education.  
One element often missing when teaching critical thinking skills is the overall approach 
to teaching these skills.  Educators focus on infusing these skills into just a few activities in a 
course which is opposite of what it should be (Broadbear, 2012).  To effectively teach these 
skills, educators must focus on integrating these skills within the curriculum, individual courses, 
and then the lesson plans to have critical thinking as the overall outcome when thinking about 
teaching and learning (Broadbear, 2012; Swartz, 2000).  Within different educational activities, 
students struggle with the self-assessment portion of critical thinking (Broadbear, 2012).  If 
students aren’t able to assess themselves, the ability to transfer that skill to perform other 
assessments will also be lacking (Broadbear, 2012). 
Even though higher education understands the importance of higher order thinking, they 
haven’t been able to keep up with utilizing new techniques to teach critical thinking skills (Fisher 
& Grant, 1983).  In a study done by Fisher and Grant (1983), they found that most college 
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courses were primarily teaching at the lowest levels of cognitions from the level of course, 
subject area or even the time period spent on the specific topic.  There has been a lack of 
research to fully understand critical thinking abilities within students (Rudd, Baker, & Hoover, 
2000).  
 The importance of critical thinking has been seen throughout many disciplines not only 
within academia but also in the industry.  Burris and Garton (2007), express that the ability to 
think critically is a way to find meaning in the world.  Educators almost consistently believe that 
the development of critical thinking skills should be the main focus, goals and objectives within 
education (Pithers & Soden, 2000).  Coming together as educators with one important goal in 
mind is the first step to incorporate the practice and development of critical thinking skills 
throughout curriculums across disciplines.  To change how learners exercise and develop critical 
thinking requires educators to incorporate a problem-solving environment while providing 
learners with the opportunity to analyze information and practice effective oral and written 
communication (Wagner, 2008).  
Critical thinking has always been important within education.  Lancelot (1929) observed 
that an individual’s knowledge and thinking ability were essential for that individual to function 
effectively and successfully in the science and technology field.  Lancelot (1929) associated the 
success of the individual with their ability to solve problems everyday while applying general 
thinking skills.  There have been many advances in the agriculture industry in regard to science 
and technology since Lancelot’s era.  Students are dealing with the continuous change of 
information and knowledge needed to succeed in the industry (Rollins, 1990) creating an even 
greater need to develop critical thinking skills. 
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 The Secretary’s Commission on Achieving Necessary Skills (1991) reported critical 
thinking, decision making, and problem solving skills as the highest workplace skills needed by 
employees.  The interpersonal skills sought out by employers are skills that students are needing 
to learn within higher education (Scanlon, Bruening, & Cordero, 1996).  Recent studies show 
that 75% of employers want colleges to place more emphasis on critical thinking skills and real 
world problem solving (AACU, 2013).  These employers even believed that teaching these skills 
were more important than the technical information within a major (AACU, 2013).  With critical 
thinking skills being the want and need of skills from the industry, it is important higher 
education provides opportunities for students to gain these skills to match what the industry is 
wanting their future employees to possess.  
Curriculum Mapping 
According to Higher Education Research Institute, over 99% of faculty across the United 
States deemed that critical thinking skills are “essential” or “very important” to teach in higher 
education curriculums (DeAngelo et al., 2009).  Before one starts teaching critical thinking 
skills, a program must evaluate and identify exactly where in the curriculum the skills are taught.  
Just as Bloom’s Taxonomy has six different-levels of cognitive thinking and an individual must 
master each level prior to moving to the next level, within a curriculum, there is a systematic 
way to coordinate courses to ensure that students are consistently being taught these skills.  The 
way to accomplish this is to implement curriculum mapping.  
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Curriculum mapping allows instructors within a program to answer three important questions 
to see exactly where a specific skill is being taught (Jacobs, 2004).  
1) Who is doing what? 
2) How does the work align with the program’s goals and outcomes? 
3) Are we working efficiently and effectively? 
Experts have seen that curriculum mapping not only allows a program to align the curriculum 
with the goals of the program but also allows collaboration between instructors within the 
mapping process (Uchiyama & Radin, 2009).  Collaboration allows these instructors to bring 
their ideas and beliefs to the table to improve the teaching and learning process (Uchiyama & 
Radin, 2009).  When getting instructors involved with the learning and teaching process, the 
weaknesses and strengths of the current program are apparent (Haynes, et. al., 2016).  
 Curriculum mapping has been around for quite some time.  The development of the 
curriculum process was specifically driven by a technical scientific approach in 1920 
(Tyler,1950).  Modifications were made to the process by Tyler (1950) and Taba (1962) to make 
a specific model for the curriculum mapping process.  The model developed by Tyler (1950) and 
Taba (1962) guided programs through the following process:  
1) Define the goals, purposes, or objectives  
2) Define experiences or activities related to the goals 
3) Organize the experiences and activities  
4) Evaluate the goals  
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Later work performed by Wiggins and McTighe (1998) utilized a similar model to Tyler 
(1950) and Taba (1962).  Instead of a four step process, Wiggins and McTighe applied a three 
step process: 
1) Identify the desired results  
2) Determine the acceptable evidence  
3) Plan learning experiences and instruction  
Wiggins and McTighe (1998) identified the results educators felt students should achieve at 
the end of the course prior to the educator putting together a lesson plan.  Researchers saw that 
when educators utilized this method of lesson planning, students gained and retained more 
knowledge and skill with the lesson they went through.  Prior to Wiggins and McTighe, 
Danielson (1996) utilized a similar approach to curriculum mapping by identifying the end 
results first.  This “backward method” actually made positive results in education.  Danielson 
(1996) saw that when the instructor kept the end goal in the forefront of their mind, the students 
had a higher content knowledge retention rate and could make connections between information 
across disciplines.  
Critical Thinking Assessments 
 According to Merriam- Webster dictionary assessment can be defined as the action or an 
instance of making a judgement about something (Merriam-Webster, 2017).  Researchers have 
also defined assessment in education as the means of enhancing instructional quality as well as 
student learning and performance (Duron et al., 2006).  Because there is a need to teach critical 
thinking skills, one must identify where the students stand on the specific skill through 
assessments.  There are multiple assessment tools that measure critical thinking skills.  Studies 
have shown the most widely known assessment tools are the Watson- Glaser Critical Thinking 
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Appraisal (WGCTA), the Cornell Critical Thinking Test (CCTT), and the California Critical 
Thinking Skills Test (CCTST) (Jacobs, 1995; Fawkes, 2001).  The next section will briefly look 
at these three tools and then introduce the Critical Thinking Assessment Test (CAT) that this 
study utilized.  
California Critical Thinking Skills Test (CCTST)  
 The California Critical Thinking Skills Test was created by Peter Facione in 1990.  This 
45 minute, 34 question test assesses the cognitive skill of critical thinking.  CCTST consists of 
multiple subcategories that look at the analysis of items, inference, evaluation, deductive 
reasoning and inductive reasoning (US Department of Education, 2000; Jacobs, 1995).  This 
assessment consists of multiple choice exams which has its limitations to fully test critical 
thinking skills due to multiple choice exams not being the ideal assessments to test critical 
thinking skills (US Department of Education, 2000).  However, these exams are inexpensive and 
you are able to do multiple assessments in a less amount of time (US Department of Education, 
2000).   
Watson- Glaser Critical Thinking Appraisal (WGCTA) 
 The Watson- Glaser Critical Thinking Appraisal was created by Goodwin Watson and 
Edward M. Glaser in 1980 to assess high school students through university graduates (US 
Department of Education, 2000; Hassan & Madhum, 2007).  This 40-minute exam consists of 80 
questions to measure the critical thinking skills of students (US Department of Education, 2000).  
More specifically, the exam looks at the five different areas of critical thinking: inference- 
determining the degrees of truth or falsity drawn from given data, recognition- recognizing 
assumptions from statements, deduction- determining whether certain conclusions follow the 
information, interpretation- deciding the general conclusion based on evidence and data given, 
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and evaluation- evaluating the arguments to see whether arguments are strong and relevant to the 
issue on hand (US Department of Education, 2000).  This exam utilizes multiple choice 
questions which limits the scope of assessing critical thinking skills but the researcher is able to 
utilize this assessment with a large sample in a short amount of time (US Department of 
Education, 2000).   
Cornell Critical Thinking Test (CCTT)  
 Cornell Critical Thinking Test was created in 1971 and revised in 1982 by Robert Ennis 
and Jason Millman (US Department of Education, 2000).  This 50 question, multiple choice 
assessment looks at six areas of critical thinking within 50 minutes (US Department of 
Education, 2000).  More specifically, the assessment looks at deduction, semantics, credibility, 
judging conclusions, induction, and being able to define and make assumptions of an 
identification (US Department of Education, 2000).  According to Frisby (1992), students who 
took the assessment and scored low compared to those who took the assessment and simply 
guessed scored the same.  
Critical Thinking Assessment Test (CAT)  
 Critical Thinking Assessment Test (CAT) was supported by the National Science 
Foundation and created by faculty members at Tennessee Technological University (Center for 
Assessment and Improvement of Learning (CAIL), 2017).  This 15 short answer exam looks at 
four main domains of critical thinking which are: evaluating information, creative thinking, 
learning and problem solving, and communication (Center for Assessment and Improvement of 
Learning (CAIL), 2017).  Within these four domains, this exam looks at a variety of skills that 
faculty members across the country who effectively represented critical thinking (Center for 
Assessment and Improvement of Learning (CAIL), 2017).  This STEM-based assessment tool 
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can be applied to any discipline to assess the beginning levels or final levels within a course or a 
curriculum.  Understanding the importance of getting faculty members involved with improving 
the teaching and learning process, the CAT exam allows the members to actually read and score 
the exams following a tested rubric from Tennessee Technological University (Center for 
Assessment and Improvement of Learning (CAIL), 2017).  By getting instructors involved with 
the process (Fig. 2.4), the instructors can be more effective in developing learning processes to 
positively impact the students’ critical thinking skills.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4. Involving faculty in assessments to the learning and teaching process utilizing CAT. 
From CAIL, 2017. 
Teaching Methods to Improve Critical Thinking Skills 
 Research has shown there is a need to utilize different techniques in higher education to 
develop students’ critical thinking skills (Haynes, et. al., 2016).  Once faculty members can 
identify their own students’ strengths and weaknesses within critical thinking, they will be able 
more effectively utilize the information and apply it to change higher education (Haynes, et. al., 
2016).  Higher education tends to emphasize the retention of factual information (Stein et al., 
2009).  Instructors often teach what to think rather than how to think (Vye & Bransford, 1981).  
Factual assessments are much easier than performing a critical thinking assessment tool (Haynes 
et. al., 2016).  For examples, educators are teaching the specific breeds of beef or the type of 
CAT 
Assessment  
Improved Student Learning 
Faculty Development 
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soybeans (Henderson, 1983).  When utilizing critical thinking assessments these students should 
not only be able to tell the instructor the breeds of beef but also be able to describe the specific 
scientific characteristics behind these breeds and which breeds should be utilized in different 
operations with various scenarios.  Students will study and learn to the extent that the educator 
will assess them.  If the educator is not assessing the student utilizing critical thinking tools, then 
the students will not push themselves to master those skills.  Assessment tools allow the educator 
to prioritize the important information while pushing the students to learn that specific detail 
(Haynes et. al., 2016).  If the assessment tool emphasizes retention of factual information, then 
the students will just memorize the information for that assessment (Haynes et. al., 2016).  The 
students will be practicing memorization instead of exercising and developing higher order 
thinking skills such as critical thinking skills.  
 To develop higher order thinking skills, students must be presented with the opportunities 
to exercise these skills.  Whittington and Stup (1997) identified that students were given few 
opportunities to utilize higher cognitive levels of thinking when taking one hundred level class.  
As students move through the curriculum and enroll in a senior level course, the students are 
given the opportunities to think at the analysis level within the Bloom’s taxonomy (Whittington 
& Stup, 1997).  When courses had more than 51 students enrolled, the opportunities of higher 
cognitive thinking decrease (Whittington & Stup, 1997).  
 By utilizing effective teaching techniques, it allows students the opportunity to develop 
critical thinking skills.  Educators must understand the correct steps to achieve this goal.  
Newcomb and Trefz (1987) utilized Bloom’s Taxonomy to develop a frame work (Fig. 2.5) 
which provided educators a direction to improve the quality of learning in the classroom.  By 
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taking Bloom’s six level theory and turning it into a four-step process, educators are allowed to 
focus on the key items within education to teach these higher order thinking skills.  
Bloom’s Taxonomy  Newcomb- Trefz Model 
Knowledge Remembering 
Comprehension 
Application 
Analysis 
Processing 
Synthesis  Creating 
Evaluation Evaluating 
Figure 2.5.  Comparison between Bloom’s Taxonomy and the Newcomb- Trefz Model. From 
Newcomb and Trefz, 1987.  
Critical thinking skills are developed within students when the educator utilizes critical 
thinking instructional techniques (Lundy et. al, 2002).  To develop instructional techniques, the 
educator must understand the steps to move students towards critical thinking.  According to 
Duron and colleagues (2006), to move students towards critically thinking there are five specific 
steps (Fig. 2.6).  Identifying learning objectives, teaching through questions, assess learners 
through activities, review teaching and improve and then allow feedback, is an effective way to 
systematically develop higher order thinking skills within a course. 
 
 
 
 
 
 
Figure 2.6. Five Step model to move students towards critical thinking. From Duron et al., 2006. 
 
Step 1: Determine learning objectives 
• Define behaviors students should exhibit 
• Target behaviors in higher order thinking 
Step 2: Teach through questioning 
• Develop appropriate questions 
• Employ questioning techniques  
• Encourage interactive discussion  
Step 3: Practice before you assess 
• Choose activities that promote active learning 
• Utilize all components of active learning   
Step 4: Review, refine, and improve 
• Monitor class activities  
• Collect feedback from students 
Step 5: Provide feedback and assessment of learning 
• Provide feedback to students 
• Create opportunities for self- assessment  
• Utilize feedback to improve instruction  
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Research has shown numerous teaching techniques enhance the development of students’ 
critical thinking skills in an education setting.  Problem-based learning and inquiry-based 
learning are two methods that align well with the goals and outcomes of agricultural education.  
Problem based learning (PBL) is an approach that revolves around a real-world ill-structured 
problem (Jonassen, 1997).  This technique allows the student to connect the technical knowledge 
being learned in the classroom while developing critical thinking skills.  Studies have shown that 
PBL can help enhance critical thinking skills (Burris & Garton, 2007).  Burris and Garton’s 
study (2007) did not find any difference in critical thinking skills while utilizing PBL.  This 
study was a two week unit which did not provide enough time to see a change in critical thinking 
skills.  Burris and Garton (2007) observed that Lundy (2002) did see a change in critical thinking 
skills when the study was done over a semester long course to exercise these skills.  These 
studies prove that critical thinking skills cannot just be taught overnight and that the educator 
must continuously utilize PBL to see a true change.  
Another technique researchers have proven to have a higher scientific reasoning ability and 
the best practice for educating students about scientific principles is the use of inquiry-based 
learning (IBL) (Chiasson & Burnett, 2001; National Research Council, 1988).  Inquiry-based 
learning challenges the students “by presenting questions, problems or scenarios to the students 
while implementing problem-based learning to help develop higher levels of thinking” (Parr & 
Edwards, 2004; Phipps et al., 2008).  Phipps (2008) suggested that not only did the inquiry- 
based learning allow students to develop high order critical thinking skills but also encouraged 
curiosity amongst the learners and allowed them to master skills needed in the 21st century.  
Getting faculty members involved in improving teaching and learning by decreasing the amount 
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of lecture time and increasing the activities involved in critical thinking will make the greatest 
impact on a higher education curriculum (Haynes et al., 2016).  
Problem-Based Learning and Inquiry-Based Learning are very similar in nature, however, 
they do have distinguishing differences.  IBL foundation is based on a philosophical approach 
that started with the curiosity of the learner (Walker et al., 2015).  This learner-centered approach 
utilizes activities that start with a question, allows the learner to investigate the question and 
through activity gains knowledge and critical thinking skills (Walker et al., 2015).  PBL is a 
strategy in education.  Learners have full responsibility of their learning in a problem-based 
atmosphere (Walker et al., 2015).  The biggest difference between these two methods is the role 
of the educator.  In IBL, the educator is both the facilitator of the learning and provides the 
learner with information (Walker et al., 2015).  While in PBL, the educator facilitates the 
learning while the learner is responsible to explain their learning process and gather information 
on their own (Walker et al., 2015).   
How People Learn 
 To effectively teach a skill set, educators must first understand how the learner takes a 
piece of information, processes it, and puts it into action.  Researchers have discovered important 
principles and learning experiences to enhance people’s learning capability (Behavioral and 
Social Sciences and Education National Research Council, 2000).  The concept of learning might 
be complicated, but by breaking it down an individual (learner) observes, acts, gets feedback and 
then takes what they learn and does it again or does a different action from what one gathered in 
the process (Caine, 2010).  
Before the learner gains new knowledge, they must have a basis of knowledge within that 
area to allow them to build upon background knowledge to move towards the expert level 
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(Behavioral and Social Sciences and Education National Research Council, 2000).  Educators 
have to keep in mind that there is a difference between learning with understanding and just pure 
memorization (Behavioral and Social Sciences and Education National Research Council, 2000).  
If an individual merely memorizes the content on hand, they are not able to think at a higher 
cognitive level to achieve higher order thinking skills such as critical thinking.  With problem 
solving-type questions and allowing students to understand the content, they can approach the 
higher order tasks (Bransford and Stein, 1993; Bransford et al., 1983).  Once a learner is 
presented with the new pieces of information, educators must allow time to learn and process the 
new content.  It takes a while to explore the underlying concepts to process the facts and topics 
that are being taught (Behavioral and Social Sciences and Education National Research Council, 
2000).   
Researchers have found that most curriculums skip this step as they quickly gloss over 
the facts and not focus on development and organization of the ideas (Behavioral and Social 
Sciences and Education National Research Council, 2000).  Lastly, in the learning process is the 
feedback process.  This step has been identified as most important step for successful learning 
(Thorndike, 1913).  Feedback allows a student to see where they are at in the learning process 
and what changes they should make to keep moving forward to achieve the expert level 
(Behavioral and Social Sciences and Education National Research Council, 2000).  Feedback for 
memorization is completely different than feedback for level of understanding a student might 
have on a topic (Chi et al., 1989, 1994).  By giving them feedback, students are able to 
understand not only the knowledge one had but also the skill that they are learning and transfer 
that skill to another area of study (Behavioral and Social Sciences and Education National 
Research Council, 2000).  
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CHAPTER 3. METHODS 
 To assess the critical thinking skills of the students in the Department of Animal Science, 
the Critical Thinking Assessment Test (CAT) created by Tennessee Technological University 
was utilized.  Utilizing the assessment tool allowed researchers to explore the difference in 
critical thinking ability between freshmen and seniors within the department.  
Purpose and Objectives 
The purpose of this study was to explore differences in critical thinking skills between 
freshmen and senior Animal Science students and determine where in the curriculum the critical 
thinking skills are being taught.  Four objectives guided this study:  
1. Compare freshmen and senior Animal Science students to the national critical 
thinking skill norms 
2. Determine if there’s a difference between freshmen and senior Animal 
Science students in critical thinking 
3. Determine if there’s a difference in critical thinking skills based upon selected 
demographic variables 
4. Map critical thinking skills instructional methods in core animal science 
courses 
Instrument 
 This study utilizes the Critical Thinking Assessment Test (CAT) which assesses a range 
of skills that faculty across the nation felt were important traits within critical thinking and real- 
world problem solving through a 15 question, short answer essay exam (CAIL, 2017).  Funded 
for development by the National Science Foundation, the CAT Instrument analyzes 15 different 
traits within critical thinking (CAIL, 2017).  The instrument allows faculty involvement through 
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the execution of the exam along with the scoring process assisted by experts from Tennessee 
Technological University (CAIL, 2017).  To ensure the reliability and consistency of the scoring 
process, faculty members are provided a detailed rubric to score the exams.  
 The instrument was designed to be used to evaluate effects of college education, a 
program of study, a specific course, and informal learning experiences (Tennessee Tech 
University, 2017).  These evaluations can be achieved through studies such as a Pre-Test/ Post- 
Test Design, Cross- sectional studies, evaluating changes in a program’s outcome over time, or 
evaluating changes in programs or courses by comparing it to a control group (Tennessee Tech 
University, 2017).  Figure 3.1 shows the 15 skills CAT assesses within critical thinking.  
• Summarize the patterns of results in a 
graph without making inappropriate 
inferences 
• Evaluate how strongly correlational-
type data supports a hypothesis 
• Provide alternative explanations for a 
patterns of results that has many 
possible causes 
• Identify additional information needed 
to evaluate a hypothesis  
• Evaluate whether spurious information 
strongly supports a hypothesis 
• Provide alternative explanations for 
spurious associations 
• Identify additional information needed 
to evaluate a hypothesis  
• Determine whether an invited 
inference is supported by specific 
information  
• Provide relevant alternative 
interpretations for a specific set of 
results 
• Separate relevant from irrelevant 
information when solving a real-world 
problem 
• Use and apply relevant information to 
evaluate a problem 
• Use basic mathematical skills to help 
solve a real-world problem 
• Identify suitable solutions for a real-
world problem using relevant 
information  
• Identify and explain the best solution 
for a real-world problem using 
relevant information  
• Explain how changes in the a real-
world problem situation might affect 
the solution 
Figure 3.1- Fifteen skills CAT exam tests. From CAIL, 2017. 
 
 
 These fifteen critical thinking skills were identified and evaluated by faculty members of 
various disciplines from six institutions which established the face validity of the instrument 
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(CAIL, 2017).  As stated before, the instrument can be utilized as a pre-test/ post- test design as 
the reliability levels were >0.80 (CAIL, 2017).  
 To ensure that the scoring of the short answers is reliable, each of the questions is scored 
by a minimum of two scorers.  If these two scorers don’t agree upon the specific score, that 
question is looked at by a third scorer.  Through this process and the scoring rubric, the scoring 
reliability is equal to 0.92 between the first and second scorer for the instrument (CAIL, 2017).   
Each question is awarded a specific number of points anywhere from 0 to 5 with more points 
being awarded to the more complex critical thinking skill.   
 Even though the instrument has fifteen questions and assesses fifteen skills of critical 
thinking, some of the questions assess more than one trait at a time (CAIL, 2017).  Due to this 
characteristic of the exam, the internal consistency was established at a reasonable level of α= 
0.70 (CAIL, 2017).  The fifteen skills assessed by CAT can be organized into four domains: 
evaluating information, creative thinking, learning and problem solving, and communication 
(CAIL, 2017). 
Objective One, Two, and Three Procedures 
This study’s purpose was to distinguish the difference between a group of freshmen 
students to senior students in the Department of Animal Science, compare the students to the 
national norm and to analyze the two groups of students by different demographics.  
Participants 
 Two groups of undergraduate students participated in this study.  The first group of 
students was traditional freshmen.  Students in this group were enrolled in AnS 110 and came 
directly to Iowa State University from high school.  For AnS 110, students were divided into 
peer groups depending on their specific species interest.  Each group had the same species 
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interest but with various backgrounds of experience in animal science and hometown location.  
A random sample of freshmen with various species interest were assigned by the instructor to 
participate in the study.   
The second group to participate in this study were seniors in the animal science department.  
Students enrolled in AnS 411 completed a questionnaire that consisted the of the following 
questions: 
1. Did you come to Iowa State University directly from high school? 
2. Did you take the following courses at Iowa State University? 
a. AnS 101, AnS 114, AnS 210, AnS 211, All the 200- level species courses, AnS 
319, AnS 320, AnS 331, AnS 352, and AnS 411 
Those students who answered “yes” to both of the questions became eligible for the study.  From 
there a random sample of AnS 411 students were taken by the instructor and assigned to 
participate in the study.   
 From each group initially sixty students were involved in this study.  The first group of 
students consisted of traditional freshmen (n=55) that were enrolled in AnS 110 Orientation 
Course that came to the university directly out of high school.  The second group to participate in 
this study were seniors (n=60) enrolled in AnS 411 Senior Animal Issues Course.  They came to 
the university directly out of high school and took all animal science core courses at the 
university.  A sample size of 60 students was chosen with the confidence level of 95% resulting 
in a  confidence interval of 26.2% for the seniors and 19.6% for the freshmen with only 55 
students in the group due to 5 students failing to complete the assessment. Because of 
Department of Animal Science funding we were able to over sample and collect data from 60 
students in each group.   
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Data Collection 
 The researcher submitted and received Institutional Review Board (IRB) approval from 
Iowa State University prior to collecting data for the study (Appendix A).  There were two 
groups (freshmen and seniors) that participated in taking the CAT exam at two different times.  
The freshmen group was randomly selected from the AnS 110 Orientation course.  Prior to the 
study the researcher requested from the instructor a group of freshmen students that came to 
Iowa State University directly from high school.  The instructor of the courses provided the 
researcher with the names of the students from the assigned peer mentor groups of various 
species interest and a variety of demographics to participate in the study.  
 The group of seniors were enrolled in AnS 411 Issues in Animal Agriculture course.  
This required senior course represented half of the graduating seniors in the department.  To 
control for impacts that other programs might have on a student, the traditional students were 
randomly selected to participate in this study.  Traditional student was defined as a student that 
came to Iowa State University directly out of high school and took all the core animal science 
courses at Iowa State University (Fig. 3.2).  
1. Student must have taken the following courses at Iowa State to be qualified as a 
traditional student: 
100-Level Courses 200-Level Courses 300-Level Courses 400-Level Courses  
AnS 101 
AnS 114 
AnS 210 
AnS 211 
AnS 224 
AnS 225 
AnS 226 
AnS 319 
AnS 320 
AnS 331 
AnS 352 
AnS 411 
Figure 3.2. Courses analyzed in study 
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 The students were given the CAT exam on a predetermined date and location.  The senior 
group participated on Tuesday September 27, 2016 from 4:10-5:10pm in Carver Hall at Iowa 
State University.  Freshmen group participated in the study on Thursday September 29th from 
2:00- 3:00pm in the Hixson-Lied building at Iowa State University.   The researcher followed the 
training guidelines for proctoring the exam as set forth by Tennessee Technological University.  
Exams were then scored by a group of ISU faculty, staff, and graduate students following 
Tennessee Technological University’s rubric and guidelines.  These volunteer scorers were a 
mixture of instructors/ graduate students in and outside the department of animal science, scorers 
with and without prior experience of the scoring process.  The exams from both groups were sent 
to Tennessee Technological University for accuracy testing (Appendix B).  For the Iowa State 
University scoring of the CAT Exam the total error was <3%. 
Data Analysis 
            Objective One 
 The first objective was to compare critical thinking skills between each Iowa State 
University groups to the national norm.  The group means were compared to the national norm 
by CAT using a two-tailed t-test, alpha level set at 0.05.     
 Objective Two 
 This objective was comparing the difference in critical thinking ability between the 
freshmen and seniors in the Department of Animal Science at Iowa State University.  A two-
tailed t-test, alpha set at 0.05, was performed to compare the mean scores between class standing 
(freshmen vs. seniors). Tennessee Technological University breaks the fifteen critical thinking 
skills down into four domains: Evaluate and Interpret Information, Problem Solving, Creative 
Thinking, and Effective Communication.  First a grand mean was calculated for each of the four 
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domains of critical thinking.  From there, a two-tailed t- test with an alpha level of 0.05 was ran.  
Another two-tailed t-test was performed on the score of each of the 15 questions compare the 
freshmen and senior scores. 
 Objective Three 
 This objective compared the scores within the different demographics.   First a two-tailed 
t- test with an alpha level of 0.05 was ran to compare the overall scores of males and females.  
From there, a Tukey HSD test was calculated to compare the combinations of gender and class 
standing to see if there was any difference within demographics in regards to critical thinking 
skills.   
Assumptions and Limitations of Objectives One, Two, and Three 
 When completing this study, the researcher had to assume the random groups of students 
represented the seniors and freshmen of the animal science department.  In the senior group, the 
assumption was made that the students had similar life experiences, had the same professors 
throughout the coursework and were at the same maturity level.  The research was limited to the 
number of students as the entire student body wasn’t tested in the study.  Along with the number 
of students, time was a factor within the study.  The same students weren’t tested their freshmen 
year and again their senior year.  Instead of having the same individuals, a sample representing 
the same types of students were taken in each group.  
Objective Four Procedures  
 The purpose of this part of the study was to map out the Department of Animal Science 
core curriculum to see exactly where the fifteen traits of critical thinking defined by CAT are 
being taught.  The following portion of this chapter will go more in depth about the procedure of 
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how the curriculum was mapped, what courses were included into the study, and how data was 
analyzed.  
 For objective four, a qualitative research design method was used to map out the 
curriculum in the Department of Animal Science to see if the fifteen critical thinking skills 
defined by Tennessee Technological University were being taught within the core curriculum.  
Twelve of the core courses were selected to be in this study (Fig. 3.3).  
100-Level Courses 200-Level Courses 300-Level Courses 400-Level Courses  
AnS 101 
AnS 114 
AnS 210 
AnS 211 
AnS 224 
AnS 225 
AnS 226 
AnS 319 
AnS 320 
AnS 331 
AnS 352 
AnS 411 
Figure 3.3. Courses analyzed in study 
The courses were selected because the courses were required regardless of species interest and 
the two hundred-level species courses were the most popular species options to maximize the 
number of students able to participate in the study.   Course instructors participated in a self-
reporting interview with the researcher.  These instructors only reported on the courses that they 
were teaching at the time.  After the data were collected, the researcher went through the data 
and analyzed whether or not the skills were actually being effectively taught through the 
techniques the instructor reported.   
Instrument 
 To map out where the specific critical thinking skills were being taught, the researcher 
created a chart to help organize and guide the gathering of the data.  The chart included the 
fifteen different skills in critical thinking along with a series of questions the researcher asked the 
course instructors (Fig. 3.3).  To ensure reliability, the researcher had the same set of questions 
for each instructor.  This allowed consistency within the interviews to ensure that data were 
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fairly collected and recorded and could be repeated again at a future date.  To control for internal 
validity the instructors that participated in the study self-reported on their own courses.  Also 
prior to the interviews, the researcher started out by stating that this was an interview to simply 
record what was happening in the course and that there were no consequences for not teaching a 
specific number of the critical thinking skills.   This helped to ensure validity of the interviews.    
Data Collection 
 Instructors within the department of animal science who teach the core classes within the 
animal science curriculum participated in this study.  From there, instructors of each course were 
contacted to participate in a short interview.  In the interview, the researcher asked the following 
questions on the amount of time they spent in their courses allowing the students to develop the 
fifteen critical thinking skills defined by CAT.  
1. Is this specific trait being directly taught in your class? 
2. If you’re not directly teaching it, do students practice the specific skill indirectly? 
3. Examples of how the skill is being taught in the course 
Data Analysis 
 Interview data were entered into a spreadsheet and coded for each of the responses.  Once 
the information was collected, the researcher studied the data to see where the fifteen skills are 
being taught in the core animal science courses.  Data were then analyzed to determine if critical 
thinking skills were being taught within the curriculum, where they were being taught and how 
they were being taught.  After the interviews were recorded, the researcher went through the 
transcripts taken in the interviews to determine whether or not the techniques the instructors 
reported were effective techniques to teach critical thinking skills. Course teaching techniques 
had to fall within one of the following categories to be considered an effective critical thinking 
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teaching technique (Fig. 3.4 and Fig 3.5).  When the data were reported, it was organized to have 
the responses from the instructors and then was analyze if it was an effective critical thinking 
teaching method or not.  Effective methods were placed within the Knowledge and Cognitive 
Process Dimensions. 
Concrete Knowledge   Abstract Knowledge 
Factual  Conceptual  Procedural  Metacognitive  
-Knowledge of terminology 
 
-Knowledge of specific details 
and elements 
-Knowledge of classifications 
and categories 
 
-Knowledge of principles and 
generalizations 
 
-Knowledge of theories, models, 
and structures  
-Knowledge of subject-specific 
skills and algorithms  
 
-Knowledge of subjective- 
specific techniques and methods 
 
-Knowledge of criteria for 
determining when to use 
appropriate procedures 
-Strategic knowledge 
 
-Knowledge about cognitive 
tasks, including appropriate 
contextual and conditional 
knowledge 
 
-Self-knowledge 
Figure 3.4. The Knowledge Dimension from Anderson and Krathwoh, 2001 (p. 46) 
Lower order 
thinking skills 
    Higher order 
thinking skills 
Remember Understand Apply Analyze Evaluate Create 
Recognizing 
-identifying 
 
Recalling 
-retrieving  
Interpreting 
-clarifying 
-paraphrasing 
-representing 
-translating 
 
Exemplifying 
-illustrating 
-instantiating 
 
Classifying 
-categorizing 
-subsuming 
 
Summarizing  
-abstracting 
-generalizing 
 
Inferring 
-concluding 
-extrapolating  
-interpolating 
-predicting 
 
Comparing 
-contrasting 
-mapping 
-matching 
 
Explaining 
-constructing 
models 
 
Executing 
-carrying out 
 
Implementing 
-using 
Differentiating 
-discriminating 
-distinguishing 
-focusing 
-selecting 
 
Organizing  
-finding coherence 
-integrating 
-outlining 
-parsing 
-structuring 
 
Attributing 
-deconstructing  
Checking 
-coordinating  
-detecting 
-monitoring  
-testing 
 
Critiquing  
-judging  
Generating 
-hypothesizing 
 
Planning 
-designing 
 
Producing 
-constructing 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5. The Cognitive Process Dimension from Anderson and Krathwohl, 2001 (pp. 67-68). 
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Assumptions and Limitations of Objective Four 
 Data were collected from the individual instructors of the course.  Therefore, the 
instructor had to give the best and honest response to the interview questions as the interview 
was self-reported.  The researcher had to assume that the instructor was going to accurately 
report if the critical thinking skill was actually being taught in the courses.  Also limited because 
this study was only a snapshot of time for each of these courses that might continuously change 
throughout the semesters.  
Chapter Conclusion 
 This study’s purpose was to determine the specific traits of critical thinking skills within 
in the Department of Animal Science.  For objective one, freshmen and senior animal science 
students’ critical thinking skills scores were compared to the national norm.  The study utilized 
the CAT instrument to test and gather data of the critical thinking skills within the two groups of 
students also answered objective two where the freshman and senior groups were compared to 
each other.  Demographics were compared between the two student grade levels to answer 
objective three.  For objective four, animal science curriculum core classes were mapped to see 
where the fifteen critical thinking skills defined by CAT. 
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CHAPTER 4. RESULTS 
 The purpose of this study was to assess critical thinking skills of freshmen and seniors in 
the Department of Animal Science while mapping out where these skills were taught.  The two 
groups represented various demographics.  In the freshmen group (n=55), there were 17 males 
(30.9%) and 38 females (69.1%).  The group consisted of 94.5% white, 1.8% African American, 
1.8% American Indian or Alaska Native, and 1.8% reported other race.  In the senior group (n=60), 
there was 13 males (21.7%) and 47 females (78.3%).  This group consisted of 98.3% white, 3.3% 
Asian, and 1.7% other.  Objective one compared the animal science students to the national norm 
collected from the CAT tests.  The results from the CAT tests were then analyzed to answer 
objective two and three by comparisons of different demographics which consists of individual 
group’s scores, a comparison between the two groups looking at gender, class level, and 
combination of gender and class level.  Objective four explored where exactly in the curriculum, 
critical thinking skills were taught.  If the skills were taught, then the methods utilized in teaching 
were gathered as well.  
Objective One. Comparison to National Norm  
The two groups of student (freshmen and seniors) were compared to a national norm for their 
respective critical thinking skills.  The skills were also categorized into four sub-groups: Evaluate 
and Interpret Information, Problem Solving, Creative Thinking, and Effective Communication 
(Appendix C).  Each skill can be under a maximum of three sub-groups.  When comparing the 
freshman to the national norm (Appendix C), Animal Science freshmen scored significantly higher 
than the norm for separating relevant from irrelevant information (Question 10, p<0.01).  This 
group also scored significantly higher for using basic math skills to solve a real world problem 
(Question 12, p<0.05) and the CAT Total Score (p<0.05).  In all the other questions, there were 
37 
 
 
no significant differences in the scores.  The senior group (Appendix D) compared to the national 
norm group scored significantly lower than the national norm for the skill of evaluating how 
strongly data supports a hypothesis (Question 2, p<0.05), identifying additional information 
needed to evaluate a hypothesis (Question 7, p<.01), explaining how changes in a problem might 
affect the solution (Question 15, p<0.01), and the seniors also scored significantly lower in the 
CAT Total Score (p<.05).  There were no significant differences between the senior group and 
national norm for the other questions.  
Objective Two. Comparison within Department 
 To address objective two a comparison between the two grade levels was performed.  The 
freshmen had a mean score of 15.19 points out of 38 points with a standard deviation of 4.34.  The 
national norm was an average score of 13.66 points.  In the senior group, the students had a mean 
score of 17.47 points out of a possible 38 points with a standard deviation of 5.01.  The national 
norm mean score was 19.04 points for college seniors.  Data were collected (Appendix E) to see 
the frequency of students and how they scored within each question amongst the two grade levels.    
This allowed the researcher to evaluate each individual question according to the number of points 
students earned. 
To answer objective two, data were collected from each grade level.  The first analysis 
compared the overall mean scores from freshmen to seniors (Table 4.1).  A two-tailed t-test with 
an alpha level of 0.05 was completed to determine if there was significant differences between 
two grade levels.  Freshman and senior means were found to be significantly different.  
Table 4.1  
Score Mean Comparisons between Freshmen and Seniors 
Level Std. Error Mean 
Freshmen 0.68 15.19* 
Seniors 0.73 17.47* 
Note: *Significantly different p<0.05   α=0.05   t= 1.98177 
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 Critical thinking according to Tennessee Technological University, can be broken down 
into four domains: Evaluate and Interpret Information, Problem Solving, Creative Thinking, and 
Effective Communication.  A grand mean was calculated for each of the domains to compare the 
two grade levels.  The researcher then compared the different grand means between each of the 
grade levels.  When the analysis was completed it showed that seniors scored significantly higher 
in all domains except for Problem Solving (Table 4.2).  
Table 4.2 
Comparisons of the Four Critical Thinking Domains’ Grand Means 
CT Domains Freshmen Seniors p- value  
Evaluate and Interpret Information 1.19 1.35 0.03* 
Problem Solving 1.26 1.41 0.08 
Creative Thinking 0.8 0.97 0.02* 
Effective Communication 0.92 1.14 0.01* 
Note: *significantly different p<0.05    α=0.05 
Seeing that there wasn’t a significant difference in all of the domains, the question then 
was which skills within problem solving were causing the domain to not be significant.  A two-
tailed t-test with an alpha level of 0.05 was completed to compare means for each question 
(Table 4.3).  There were four questions that seniors scored significantly higher than the 
freshmen.  
Table 4.3  
Comparison of means between each class for each Question 
         Seniors  Freshmen 
 
Question 
 
Points 
Possible 
 
 Mean 
 
Std 
Error 
 
 Mean 
 
 Std 
Error 
 
 p-value  
1) Summarize the patterns of 
results  
1 0.62 
 
0.06 0.6 0.07 0.82 
2) Evaluate how strongly data 
supports a hypothesis 
3 0.91 0.13 
 
0.84 
 
0.14 0.69 
3)  Provide alternative 
explanations for results  
3 1.10 
 
0.12 
 
0.71 
 
0.13 0.03* 
4)  Identify additional information 
needed to evaluate a hypothesis  
4 1.16 
 
0.15 
 
0.99 
 
0.15 0.43 
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Table 4.3  
Comparison of means between each class for each Question 
  Seniors Freshmen  
 
Question 
 
Points 
Possible 
 
 Mean 
 
Std 
Error 
 
 Mean 
 
 Std 
Error 
 
 p-value  
5) Evaluate whether information 
supports a hypothesis 
1 0.72 0.06 0.55 0.06 0.05* 
6)  Provide alternative 
explanations for spurious 
associations 
3 1.55 
 
0.10 
 
1.13 
 
0.10 <0.01 
7)  Identify additional information 
needed to evaluate a hypothesis  
2 0.57 
 
0.08 
 
0.51 
 
0.08 0.61 
8)  Determine whether an 
inference is supported by 
information 
1 0.60 
 
0.07 
 
0.55 0.07 0.54 
9)  Provide relevant alternative 
interpretations for a specific set of 
results 
2 0.74 
 
0.09 
 
0.75 
 
0.09 0.97 
10)  Separate relevant from 
irrelevant information 
4 3.24 
 
0.10 
 
3.51 
 
0.10 
 
0.07 
11)  Use and apply relevant 
information  
2 1.28 
 
0.09 
 
1.00 
 
0.09 
 
0.03* 
12)  Use basic mathematical skills 
to help solve a problem 
1 0.88 
 
0.04 
 
0.89 
 
0.04 0.85 
13)  Identify solutions for a 
problem  
3 1.22 
 
0.12 
 
0.80 
 
0.12 
 
0.02* 
14)  Identify and explain the 
solution for a problem  
 2.28 
 
0.24 
 
1.67 
 
0.25 
 
0.09 
 
15)  Explain how changes in a 
problem situation might affect the 
solution 
 0.69 
 
0.10 
 
0.71 
 
0.11 
 
0.90 
Note: *Significantly different p<0.05 α= 0.05 
Objective Three. Demographics 
To answer objective three comparison between gender as well as gender within each 
class was analyzed.  A two-tailed t-test with an alpha level of 0.05 calculated to compare genders 
(Table 4.4).  There were no significant difference between genders.   
Table 4.4  
Mean Comparisons between Males and Females (n= 115) 
Gender n Std. Error Mean 
Male 30 0.86 14.87 
Female 85 0.51 16.91 
Note: *significantly different p<0.05  α=0.05   t= 1.98177 
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 As there was no significance between gender, a Tukey HSD test was ran to compare 
gender within each class with the alpha level set at 0.05. Table 4.5 shows the different least 
square means for freshmen males, freshmen females, senior males and senior females.  As 
indicated in the table, there was a significant difference between freshmen males and senior 
females.   
Table 4.5  
Comparison between gender within each class- Tukey HSD 
Gender and Level Mean Std. Error 
Male, Freshman  14 1.34* 
Male, Senior 16 1.30 
Female, Freshman 15.72 0.76 
Female, Senior 17.88 0.68* 
Note: *Significantly different p<0.05     α=0.05    Q= 2.60838 
Objective Four. Curriculum Mapping 
The purpose of this objective was to map the fifteen critical thinking skills being taught 
in the core classes (Table 4.6) of the animal science curriculum.  Courses selected to be in this 
study were required by all the students for their degree.  The sophomore level species courses 
(AnS 224, 225 and 226) were selected to be in this study because the majority of students elect to 
take a minimum of two out of these three courses.  
Table 4.6 
Core Animal Science Courses in study 
Course Number Course Name 
AnS 101 Working with Animals 
AnS 114 Survey of the Animal Industry 
AnS 210 Career Preparation  
AnS 211 Issues Facing Animal Science 
AnS 224 Companion Animal Science 
AnS 225 Swine Science 
AnS 226 Beef Cattle Science 
AnS 319 Animal Nutrition 
AnS 320 Animal Feeds and Feeding 
AnS 331 Domestic Animal Reproduction 
AnS 352 Genetic Improvement of Domestic Animals 
AnS 411 Addressing Issues in Animal Science 
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 Data were collected throughout an interview process with each of the course instructors.  
The following charts provide the findings in the interviews.  Critical thinking skills (Table 4.7) 
used for mapping out the curriculum were the same skills as the CAT exam. 
Table 4.7  
List of fifteen critical thinking skills utilize while mapping out curriculum 
1) Summarize the patterns of results in a graph without making inappropriate inferences 
2) Evaluate how strongly correlational-type data supports a hypothesis 
3) Provide alternative explanations for a pattern of results that has many possible causes 
4) Identify additional information needed to evaluate a hypothesis  
5) Evaluate whether spurious information strongly supports a hypothesis 
6) Provide alternative explanations for spurious associations 
7) Identify additional information needed to evaluate a hypothesis  
8) Determine whether an invited inference is supported by specific information 
9) Provide relevant alternative interpretations for a specific set of results 
10) Separate relevant from irrelevant information when solving a real-world problem 
11) Use and apply relevant information to evaluate a problem 
12) Use basic mathematical skills to help solve a real-world problem 
13) Identify suitable solutions for a real-world problem using relevant information  
14) Identify and explain the best solution for a real-world problem using relevant information  
15) Explain how changes in a real-world problem situation might affect the solution 
 
Overall Curriculum Data 
Data were entered into a spreadsheet to allow researchers to analyze where skills were 
being taught in the curriculum.  In the interviews, instructors were asked three specific questions.  
First, they were asked “Is this specific skill directly taught in your class.” If the instructor said 
yes, it is coded as a 1 (Appendix F).  Second question they were asked was, “If this skill was not 
directly taught in the course, do the students exercise these skills as a result of another lesson you 
were teaching?” If they said yes, it was coded as a 2 (Appendix F).  The table shows an 
inconsistency of instructors teaching the different critical thinking skills.  There is no method of 
spreading out the skills so that students get an even exposure throughout the four-year 
curriculum.  
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Course Skill Data 
 The following tables (Table 4.8 through Table 4.19) describe the findings.  After the 
instructor reported what skills they taught, the research determine if the method was effective 
and how it was an effective method of teaching following the Knowledge and Cognitive Process 
Dimensions. 
 The AnS 101 instructor (Table 4.8) reported that none of the critical thinking skills were 
directly taught in the introductory course.  However, four skills were indirectly developed within 
the course.  Summarizing the patterns of results in a graph without making inappropriate 
inferences (Question One) was taught during lectures.  The instructor shows students examples 
of graphs with patterns of the number of livestock in other countries.  Students were assigned 
homework which require them to go out and find additional pieces of information for many 
topics especially about different breeds.  This was an example of how the instructor is indirectly 
teaching identify additional information needed to evaluate a hypothesis (Question 4), which 
might not be directly taught.  But it is an effective way to make the students practice the skill and 
gain factual knowledge in the Knowledge Dimension.  Determining whether an invited inference 
is supported by specific information (Question 8) was taught through an irradiation lab where the 
instructor explains irradiation and what information backs up the practice.  Lastly, the instructor, 
during a feeds lab, has the students calculate out how much an animal would eat.  This allows the  
students to practice the use of basic mathematical skills to help solve a real-world problem 
(Question 12).  
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Table 4.8 
AnS 101- Working with Animals 
Question Directly 
Taught 
Indirectly 
Taught 
Method Examples  Effective 
Method? 
1) Summarize the patterns of results  
No Yes Shows examples of patterns with the number of 
livestock in other countries  
No 
2) Evaluate how strongly data supports a 
hypothesis 
No No   
3)  Provide alternative explanations for 
results  
No No   
4)  Identify additional information needed 
to evaluate a hypothesis  
No Yes Homework asks students to find additional pieces of 
information over different animal breeds 
Yes 
5) Evaluate whether information supports 
a hypothesis 
No No   
6)  Provide alternative explanations for 
spurious associations 
No No   
7)  Identify additional information needed 
to evaluate a hypothesis  
No No   
8)  Determine whether an inference is 
supported by information 
No Yes Irradiation lab- gives examples in a lecture based lab No 
9)  Provide relevant alternative 
interpretations for a specific set of results 
No No   
10)  Separate relevant from irrelevant 
information 
No No   
11)  Use and apply relevant information  No No   
12)  Use basic mathematical skills to help 
solve a problem 
No Yes Explains how many people one animal will feed No 
13)  Identify solutions for a problem  No No   
14)  Identify and explain the solution for a 
problem  
No No   
15)  Explain how changes in a problem 
situation might affect the solution 
No No   
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The AnS 114 instructor reported directly teaching five of the critical thinking skills 
(Table 4.9).  Students learn how to summarize the patterns of results in a graph without making 
inappropriate inferences (Question 1) when the instructor teaches them about production 
conception rates.  Providing alternative explanations for a pattern of results (Question 3) that has 
many possible causes is taught when students have discussions over pasture vs. conventional 
raised eggs. In that same lesson, the instructor teaches about all of the housing systems which 
allows students to evaluate whether spurious information strongly supports a hypothesis 
(Question 5). For example, students must determine whether there are true claims between 
conventional and organic housing. The instructor also provides students with current event 
discussions, which students are able to determine whether an invited inference is supported by 
specific information (Question 8).  These four approaches (Question, 1,3,5, and 8) aren’t the 
most effective way to teach these skills.  The methods reported were really a lecture-based 
technique.  This approach doesn’t really push the students to exercise the skills as all the students 
don’t have the same opportunity to practice the skills in such a large lecture hall. 
 Students are assessed through scenario based exams which requires the students to use 
and apply relevant information to evaluate a problem (Question 11).  The students in this class 
also get to learn the skill of identifying suitable solutions for a real-world problem using relevant 
information (Question 13).  Students are expected to do to provide a suitable solution on an exam 
but the instructor does not directly teach this skill in the course.  These skills are effectively 
assessed as the students are assessed with the skill in a scenario based exam.  Students must have 
knowledge of principles and generalizations to fully understand the content in the course to apply 
it to the scenario problem that the instructor presents to the student in an exam.  The methods 
being used fall within the Cognitive Process Dimension with the remember and apply category. 
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Table 4.9 
AnS 114- Survey of the Animal Industry 
Question Directly 
Taught 
Indirectly 
Taught 
Method Examples  Effective 
Method? 
1) Summarize the patterns of results  
Yes No Explaining production conception 
rates 
No 
2) Evaluate how strongly data supports a hypothesis No No   
3)  Provide alternative explanations for results  
Yes No Discussion on pasture vs. 
conventional raised eggs 
No 
4)  Identify additional information needed to evaluate a 
hypothesis  
No No   
5) Evaluate whether information supports a hypothesis 
Yes No Lesson over different housing 
systems 
No 
6)  Provide alternative explanations for spurious 
associations 
No No   
7)  Identify additional information needed to evaluate a 
hypothesis  
No No   
8)  Determine whether an inference is supported by 
information 
Yes No Current news event discussions No 
9)  Provide relevant alternative interpretations for a 
specific set of results 
No No   
10)  Separate relevant from irrelevant information No No   
11)  Use and apply relevant information  Yes No Scenario based exams Yes 
12)  Use basic mathematical skills to help solve a 
problem 
No No   
13)  Identify solutions for a problem  
No Yes Presents a situation in an exam and 
asks to identify what the problem is 
Yes 
14)  Identify and explain the solution for a problem  No No   
15)  Explain how changes in a problem situation might 
affect the solution 
No No   
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In AnS 210 (Table 4.10), students were directly taught three critical thinking skills.  One 
of the students’ assignments is to write a cover letter.  The instructor then gives them feedback 
and they have to pull in additional information to then improve the cover letter as a final draft. 
This assignment allows the students to practice identifying additional information needed to 
evaluate a hypothesis (Question 4).   The instructor also gives them specific details for their 
resume and cover letter assignments which the students then have to provide relevant alternative 
interpretations of the specific set of results (Question 9). Lastly, students in this course are taught 
how to use and apply relevant information to evaluate a problem within their minor assignment.  
For this assignment, students have to research the different options and filter the relevant 
information to fill out a minor course schedule.  All these techniques are effective techniques as 
every student is being assessed with their completion of the assignments.  Students practice 
analyzing the different edits and instructions given to complete the assignment and implement 
the changes that are needed to improve their assignment.  These methods fall into the Knowledge 
Dimension Factual category (knowledge of elements) and Cognitive Process Dimension within 
the apply and analyze categories.  
In AnS 211 (Table 4.11), the instructor reported directly teaching the students eleven 
critical thinking skills.  One assignment the students have is to develop a message point from a 
specific topic and summarize together in three headlines.  Being able to summarize patterns of 
results without making inappropriate inferences (Question 1), allows the students to effectively 
communicate their message in the headlines.  This effective method gives the students an 
opportunity to practice the paraphrasing or summarizing the information which falls within the 
Cognitive Process Dimension Understand category.   
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Table 4.10 
AnS 210- Career Preparation  
Question Directly 
Taught 
Indirectly 
Taught 
Method Examples  Effective 
Method? 
1) Summarize the patterns of results  No No   
2) Evaluate how strongly data supports a hypothesis No No   
3)  Provide alternative explanations for results  No No   
4)  Identify additional information needed to evaluate 
a hypothesis  
Yes No Students pull in additional 
information to improve their cover 
letter 
Yes 
5) Evaluate whether information supports a 
hypothesis 
No No   
6)  Provide alternative explanations for spurious 
associations 
No No   
7)  Identify additional information needed to evaluate 
a hypothesis  
No No   
8)  Determine whether an inference is supported by 
information 
No No   
9)  Provide relevant alternative interpretations for a 
specific set of results 
Yes No Interprets the edits in their resume 
and cover letter provided by the 
instructors  
Yes 
10)  Separate relevant from irrelevant information No No   
11)  Use and apply relevant information  
Yes No Minor assignment- students have to 
research what classes they would 
have to take 
Yes 
12)  Use basic mathematical skills to help solve a 
problem 
No No   
13)  Identify solutions for a problem  No No   
14)  Identify and explain the solution for a problem  No No   
15)  Explain how changes in a problem situation 
might affect the solution 
No No   
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Another assignment has the students create an infographic where they have to evaluate 
how strongly data supports a hypothesis (Question 2) so that they can use the scientific evidence 
as supporting facts.  This effective method makes students practice the skill of application by 
applying what they know/ learned and apply it in the infographic assignment which falls within 
the Cognitive Process Dimension apply category.  The instructor for the course assesses all the 
assignments on the students’ ability to identify the appropriate additional information (Question 
4).  Being assessed on this skill is a good way to push students in the right direction of self-
learning skills; however, this might not be the most effective method of teaching critical thinking 
skills.   
AnS 211 is an issues based course so students discuss throughout the course various 
spurious relationships and if they support a claim or not (Question 5).  Just because a course’s 
outcomes include the skill, it still might not include the most effective methods to allow students 
to obtain the skills.   
Not only does this course focus on spurious relationships but it also focuses on if invited 
inferences are supported by specific information (Question 8) which isn’t taught in the most 
effective way.  The instructor teaches this through discussions, assignment, and guest speakers.  
Students must gather information needed to evaluate a situation (Question 7) when making their 
crisis management plan.  This assignment is an effective method where the students have to 
apply what they are learning into creating the management plan which falls within the Cognitive 
Dimension Apply category.  Students are also presented with a change in the situation then must 
find a new solution (Question 15) which they are forced to practice the skills of application and 
analysis which can be categorized as apply and analyze within the Cognitive Process Dimension.   
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In the course, book assignment discussions are assigned to allow students to separate 
relevant from irrelevant information when presented a scenario by the instructor (Question 10).  
They then have discussions to apply the information and to identify the problem (Question 11).  
Having a large class participate in a discussion can be an effective method however, the 
instructor must make sure that all the students are getting equal opportunity to practice this skill.  
Students participate in a domestic food security assignment.  They are presented with a scenario 
and a set of questions.  Students must then identify the solution (Question 13) and then explain 
the best solution for the problem (Question 14).  These methods are effective as students must 
evaluate, analyze and then apply (Cognitive Process Dimension) the information into the 
assignment that the instructor has for them.  Students are exposed to the skill of providing 
alternative explanations for spurious associations through the instructor’s lectures (Question 6) 
which isn’t an effective method to teach this particular skill.  
 
The AnS 224 (Table 4.12) instructor reported that three critical thinking skills are directly 
taught in the course.  When students are involved in the color code discussions, they have to 
provide why a result occurs due to the code. Students are practicing the skill of providing 
alternative explanations for patterns of results that has possible causes (Question 3).  In a large 
group, discussion isn’t the most effective method as have all your students might not get the 
practice.  In students’ ethics assignments, they evaluate whether spurious information strongly 
supports a hypothesis (Question 5) as they must argue both sides.  This assignment is an 
effective method to teach this skill as the students have to gain the factual knowledge 
(Knowledge Dimension) for the arguments and then create (Cognitive Process Dimension) an 
argument for both sides of the topic.   
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Table 4.11 
AnS 211- Issues Facing Animal Science 
Question Directly 
Taught 
Indirectly 
Taught 
Method Examples  Effective 
Method? 
1) Summarize the patterns of results  
Yes No Students develop a message point from a topic 
summarized together in three headlines 
Yes 
2) Evaluate how strongly data supports a 
hypothesis 
Yes No Students create infographic with scientific pieces of 
supporting facts 
Yes 
3)  Provide alternative explanations for results  No No   
4)  Identify additional information needed to 
evaluate a hypothesis  
Yes No Assignments are graded on appropriate additional 
sources 
No 
5) Evaluate whether information supports a 
hypothesis 
Yes No Issues based course No 
6)  Provide alternative explanations for spurious 
associations 
No Yes Presented to students in lecture No 
7)  Identify additional information needed to 
evaluate a hypothesis  
Yes No Students gather information from other resources for 
crisis management plan project 
Yes 
8)  Determine whether an inference is supported 
by information 
Yes No Main focus of the course No 
9)  Provide relevant alternative interpretations for 
a specific set of results 
No No   
10)  Separate relevant from irrelevant information 
Yes No Book assignment discussion presents students with 
questions of where the data is perspective 
No 
11)  Use and apply relevant information  
Yes No Discussions apply information and seek where the 
problem is 
No 
12)  Use basic mathematical skills to help solve a 
problem 
No No   
13)  Identify solutions for a problem  
Yes No Domestic food security assignment students must find 
data 
Yes 
14)  Identify and explain the solution for a 
problem  
Yes No Domestic food security assignment students explain 
what should be done 
Yes 
15)  Explain how changes in a problem situation 
might affect the solution 
Yes No Emergency action plan assignment- students are 
presented with a change and must find a new solution 
Yes 
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At the beginning of the course, the instructor specifically teaches students what a good 
essay looks like and how students can effectively use and apply relevant information to evaluate 
a problem (Question 11).  This effective method allows students to fully understand this skill and 
then apply it the rest of the semester in different assignments and exams which both fall within 
the Cognitive Process Dimension. 
The instructor indirectly teaches nine critical thinking skills.  Since the instructor isn’t 
purposefully teaching these skills, this is not an effective approach to stimulate effective 
learning.  Students practice summarizing patterns without making inappropriate inferences 
(Question 1) when they participate in gene pattern discussions.  While completing assignments, 
students are expected to identify additional information needed (Question 4) to complete the task 
correctly.  Expectations of the students are set at the beginning of the course so that they 
understand, in assignment and exams, that they need to provide alternative explanations of 
spurious associations that they face (Question 6), identify additional information (Question 7), 
determine whether inference are backed by information (Question 8), and that there’s right 
answer so they are able to provide relevant alternative explanations (Question 9). The instructor 
enforces these expectations through assignments, exams, and lectures.  Students practice but are 
not specifically taught basic mathematical skills to solve a real-world problem (Question 12) 
within their nutrition assignments.  In their ethics assignments, students are proposed a scenario 
which students have to identify a solution (Question 13) and explanation the solution to the 
problem (Question 14).  
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Table 4.12 
AnS 224- Companion Animal Science 
Question Directly 
Taught 
Indirectly 
Taught 
Method Examples  Effective 
Method? 
1) Summarize the patterns of results  No Yes Gene pattern discussion No 
2) Evaluate how strongly data supports a hypothesis No No   
3)  Provide alternative explanations for results  
Yes No Color codes discussions- students must 
provide why something happens 
No 
4)  Identify additional information needed to evaluate a 
hypothesis  
No Yes Provides examples through explanations 
of assignments and expectations 
No 
5) Evaluate whether information supports a hypothesis 
Yes No Ethics assignment students must argue 
both sides of an issue 
Yes 
6)  Provide alternative explanations for spurious 
associations 
No Yes Instructor expects that information in 
assignment and exams are backed up 
No 
7)  Identify additional information needed to evaluate a 
hypothesis  
No Yes Ethics assignment students utilize 
additional information 
No 
8)  Determine whether an inference is supported by 
information 
No Yes Provides examples in lecture No 
9)  Provide relevant alternative interpretations for a specific 
set of results 
No Yes Ethics assignment students state facts on 
both sides.  No one right answer for the 
assignment 
No 
10)  Separate relevant from irrelevant information No No   
11)  Use and apply relevant information  
Yes No Instructor teaches students what a good 
essay looks like and how to support 
statements 
Yes 
12)  Use basic mathematical skills to help solve a problem No Yes Practices through nutrition assignments No 
13)  Identify solutions for a problem  No Yes Ethics assignment must propose an idea No 
14)  Identify and explain the solution for a problem  
No Yes Ethics assignment must then explain if 
the idea is reasonable 
No 
15)  Explain how changes in a problem situation might 
affect the solution 
No No   
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The AnS 225 (Table 4.13) instructor reported that nine critical thinking skills were taught 
in the course.  When students learn about parity distribution of piglets, they are able to 
summarize patterns of results without making inappropriate inferences (Question 1).  This isn’t 
an effective method as they are just presented the information in the course.  During the 
scenario-based exams, students provide alternative explanations for a pattern when they are 
presented a problem of how people breeding sows might vary from farm to farm (Question 3).  
This effective method forces to understand the factual knowledge of what’s going on and must 
then apply the information to the scenario which falls within the Cognitive Process Dimension.  
Not only are they able to provide alternative explanations during an exam but they are also able 
to use and apply relevant information (Question 11) and provide relevant alternative 
interpretations of specific set of results (Question 9) as there is always more than one right 
answer.   
Exams are good ways to assess if students are gaining these skills; however, they aren’t 
effective methods to teach the students the skills. During class activities, students identify 
additional information (Question 4) when understanding why meat prices change depending on 
the time of year.  This isn’t the most effective method to teach these skills as there isn’t any 
higher order thinking being practiced.  Students participate in a budgeting lab where they have to 
use basic mathematical skills to solve a problem (Question 12) and identify a solution when the 
problem is changed (Question 15).  Through many activities the instructor presents the students 
with scenarios where students have to identify solutions (Question 13) and then explain the 
solution (Question 14).  The methods that instructor implements for skills 12-15 are effective 
methods as it forces students to understand the information, analyze the scenarios and then create 
a solution for the problem which falls within Cognitive Process Dimension.  
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Table 4.13 
AnS 225- Swine Science 
Question Directly 
Taught 
Indirectly 
Taught 
Method Examples  Effective 
Method? 
1) Summarize the patterns of results  Yes No Explanation of parity distribution of piglets No 
2) Evaluate how strongly data supports a hypothesis No No   
3)  Provide alternative explanations for results  
Yes No Scenario questions such as how people 
breeding sows might vary from different 
farms 
Yes 
4)  Identify additional information needed to evaluate a 
hypothesis  
Yes No Lecture about pricing differences of cuts of 
meat depending on the time of year 
No 
5) Evaluate whether information supports a hypothesis No No   
6)  Provide alternative explanations for spurious 
associations 
No No   
7)  Identify additional information needed to evaluate a 
hypothesis  
No No   
8)  Determine whether an inference is supported by 
information 
No No   
9)  Provide relevant alternative interpretations for a 
specific set of results 
Yes No Exam questions are open ended and have 
more than one right answer 
No 
10)  Separate relevant from irrelevant information No No   
11)  Use and apply relevant information  
Yes No Exams pull in information that is provided in 
the class 
No 
12)  Use basic mathematical skills to help solve a 
problem 
Yes No Budgeting analysis assignment Yes 
13)  Identify solutions for a problem  
Yes No Instructor presents problems then students 
have to solve it 
Yes 
14)  Identify and explain the solution for a problem  
Yes No Exams are scenario based and students must 
back up their answer 
Yes 
15)  Explain how changes in a problem situation might 
affect the solution 
Yes No Budgeting analysis assignment changes the 
situation and students explain what the 
solution would now be 
Yes 
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The AnS 226 (Table 4.14) instructor reported that ten critical thinking skills were taught 
throughout the course.  Right away in the course, students practice summarizing patterns of 
results in a graph (Question 1) by completing an article assignment addressing the relationship 
between price and demand.   For this article assignment, students also evaluate spurious 
information (Question 5) when reading about relationships between prices and the grading 
system.  This assignment is an effective way to teach these two skills as they have to read the 
article and analyze and evaluate what is going on in the article which falls within the Cognitive 
Process Dimension.  Students are also expected to provide alternative explanations for a pattern 
of results (Question 3) when they complete a SPA report assignment where students have to 
explain what happened for the different values within the report.  This assignment forces 
students to analyze the data in the report and then apply what they found to the assignment 
(Cognitive Process Dimesnion).   
The instructor teaches the class about partial budgets where students have to identify 
additional information needed (Question 7) and then separate the irrelevant from relevant 
information (Question 10) to solve the problem the instructor presents to them.  This assignment 
allows the instructor to effective teach these skills as they have to analyze all the information 
(Cognitive Process Dimesnion).   When students interpret EPDs they are providing relevant 
alternative interpretations (Question 9) depending on their scenario with which they are dealing.  
This effective method allows students to understand or interpret the different pieces of 
information given to them both categories fall within the Cognitive Process Dimension.   
One part of the course is learning about live evaluation and carcass evaluation.  Students 
in the carcass evaluation must use and apply relevant information to evaluate the problem 
(Question 11) that the instructor provides them.  This effective method allows students to 
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analyze the pieces of information and then apply it to the assignment.  The instructor then allows 
the students to use basic math skills (Question 12) when figuring out a price for the animal but 
does not directly teach the math skills, which isn’t an effective method to teach these skills.   
In labs and assignments, students must identify solutions for a problem like those in the 
pasture lab (Question 13) and then support (Question 14) their decisions they turn in.  Having a 
lab where students have to identify solutions for a problem is an effective teaching method as 
students have to evaluate the information to identify a solution however expecting students to 
back up their answers without specifically teaching isn’t an effective method.  Students are also 
faced with scenarios where the situation changes and they must come up with a new solution 
(Question 15) such as in the ration lab.  This effective method allows students to understand the 
content on hand, analyze the situation and then create a new solution for the change which all fall 
under the Cognitive Process Dimension.  
The AnS 319 (Table 4.15) instructor reported eleven skills of critical thinking taught 
throughout the course.  When students are learning about nutrition pathways, they are practicing 
the skill of summarizing patterns of results (Question 1).   Throughout lecture discussions, 
students evaluate data (Question 2) and the instructor provides examples of whether spurious 
information strongly supports a claim (Question 5).  Lectures and lecture discussions aren’t an 
effective method as the students don’t have to participate in the activity.  With explaining 
relationships in nutrition, students learn how to provide alternative explanations for a spurious 
relationship (Question 6).  This information is only delivered through lectures which doesn’t 
allow students to actively learn this skill. During exams, students must provide additional 
information (Question 7) and provide relevant alternative interpretations of results (Question 9) 
to successfully answer questions which is an effective way to have students answer questions 
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Table 4.14 
AnS 226- Beef Cattle Science 
Question Directly 
Taught 
Indirectly 
Taught 
Method Examples  Effective 
Method? 
1) Summarize the patterns of results  
Yes No Article assignment about the relationship 
between price and demand 
Yes 
2) Evaluate how strongly data supports a hypothesis No No   
3)  Provide alternative explanations for results  
Yes No SPA report assignment students explain 
what happened with the differences in 
values 
Yes 
4)  Identify additional information needed to evaluate a 
hypothesis  
No No   
5) Evaluate whether information supports a hypothesis 
Yes No Reading assignment students see statements 
of beef prices and the grading system failing 
Yes 
6)  Provide alternative explanations for spurious 
associations 
No No   
7)  Identify additional information needed to evaluate a 
hypothesis  
Yes No Partial budget assignment students utilize 
various sources 
Yes 
8)  Determine whether an inference is supported by 
information 
No No   
9)  Provide relevant alternative interpretations for a 
specific set of results 
Yes No Practice with EPDs in the bull buyer game Yes 
10)  Separate relevant from irrelevant information 
Yes No Partial budget assignment students don’t 
utilize all the pieces of information 
Yes 
11)  Use and apply relevant information  
Yes No Students in the carcass evaluation lab take 
information to determine a price 
Yes 
12)  Use basic mathematical skills to help solve a problem No Yes Live evaluation pricing lab No 
13)  Identify solutions for a problem  Yes No Pasture lab students are presented a problem Yes 
14)  Identify and explain the solution for a problem  
Yes No Students must back up all assignment 
questions 
No 
15)  Explain how changes in a problem situation might 
affect the solution 
Yes No Ration lab presents students with a question 
of what changes can occur and how would it 
affect your recommendation 
Yes 
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utilizing higher order thinking skills and falls within both the Knowledge and Cognitive Process 
Dimension.  These exams are also short answer-based questions so students must use and apply 
relevant information (Question 11), identify solutions to a problem (Question 13) that is 
presented to them and explain the solution (Question 14).  Changing the problem challenges the 
students to provide another solution.  In practice problems, the instructor teaches students how to 
use basic mathematical skills (Question 12) when solving dry matter problems.  These methods 
(Question 11-15) are effective as they allow students to learn the material, apply it to the 
scenarios presented and then generate solutions for the problems which all fall within the 
Cognitive Process Dimension.  
AnS 320 (Table 4.16) reported to teach six critical thinking skills.  Students practice 
various critical thinking skills through completing problem sets every week.  In the problem sets, 
students must make recommendations for animals’ diets and provide alternative explanations for 
the pattern (Question 3).  For these diets, students must identify additional information needed 
(Question 4) to be successful in making the rations.  To ensure the best quality ration, students 
recalculate diets and make sure it supports the scenario that they are working with (Question 7).  
The instructor teaches students how to separate relevant from irrelevant sources (Question 10) 
while working through problem sets that are utilizing basic math skills (Question 12) to balance 
diets.  All of these methods are effective ways to teach higher order thinking skills which falls 
within the Knowledge and Cognitive Process Dimensions. Students must have the factual 
knowledge of nutrition and remember what they have learned in the class.  They then have to 
understand and summarizing the different characteristics of nutrition to then analyze the problem 
sets and then create a solution for the problems.  
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Table 4.15 
AnS 319- Animal Nutrition  
Question Directly 
Taught 
Indirectly 
Taught 
Method Examples  Effective 
Method 
1) Summarize the patterns of results  Yes No Nutrition pathway lectures No 
2) Evaluate how strongly data supports a 
hypothesis 
Yes No Evaluating data in discussions No 
3)  Provide alternative explanations for results  No No   
4)  Identify additional information needed to 
evaluate a hypothesis  
No No   
5) Evaluate whether information supports a 
hypothesis 
Yes No Provides examples in lecture/ 
discussions 
No 
6)  Provide alternative explanations for 
spurious associations 
Yes No Explains different relationships in 
nutrition 
No 
7)  Identify additional information needed to 
evaluate a hypothesis  
Yes No Short answer exams that students must 
provide alternative explanations 
Yes 
8)  Determine whether an inference is 
supported by information 
No Yes Shows examples in lectures No 
9)  Provide relevant alternative interpretations 
for a specific set of results 
Yes No Students must provide other ways to 
explain the information 
Yes 
10)  Separate relevant from irrelevant 
information 
No No   
11)  Use and apply relevant information  Yes No Short answer exams  Yes 
12)  Use basic mathematical skills to help 
solve a problem 
Yes No Dry Matter problems Yes 
13)  Identify solutions for a problem  Yes No Scenario based exams  Yes 
14)  Identify and explain the solution for a 
problem  
Yes No Scenario based exams where students 
have to explain answer 
Yes 
15)  Explain how changes in a problem 
situation might affect the solution 
Yes No Exam questions change the problem 
and students must come up with 
solutions  
Yes 
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Table 4.16 
AnS 320- Animal Feeds and Feeding  
Question Directly 
Taught 
Indirectly 
Taught 
Method Examples  Effective 
Method? 
1) Summarize the patterns of results  No No   
2) Evaluate how strongly data supports a hypothesis No No   
3)  Provide alternative explanations for results  
Yes No Students must make recommendations for 
diets and explain why they used certain 
feedstuffs 
Yes 
4)  Identify additional information needed to 
evaluate a hypothesis  
Yes No Students identify nutrition requirements 
for animals and explain 
Yes 
5) Evaluate whether information supports a 
hypothesis 
No No   
6)  Provide alternative explanations for spurious 
associations 
No No   
7)  Identify additional information needed to 
evaluate a hypothesis  
Yes No Students must go back and recalculate 
diets and see if it’s in reason of the 
hypothesis  
Yes 
8)  Determine whether an inference is supported by 
information 
No No   
9)  Provide relevant alternative interpretations for a 
specific set of results 
No No   
10)  Separate relevant from irrelevant information No No   
11)  Use and apply relevant information  
Yes No Instructor teaches students to use relevant 
sources when solving problems in their 
problem sets 
Yes 
12)  Use basic mathematical skills to help solve a 
problem 
Yes No Practices in their problem sets Yes 
13)  Identify solutions for a problem  No No   
14)  Identify and explain the solution for a problem  No No   
15)  Explain how changes in a problem situation 
might affect the solution 
No No   
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AnS 331 (Table 4.17) reported eight skills of critical thinking being taught in the course.  
During lectures and lecture discussions students learn about developmental biology where the 
instructor points out patterns across genders (Question 1).  This isn’t the most effective method 
as students aren’t utilizing higher order thinking skills.  For assignments, students have to 
provide alternative explanations of results (Question 3) when they research journal articles and 
identify additional information needed when doing a literature search assignment (Question 4).  
This activity is an effective method of teaching as these students have to apply knowledge and 
then create explanations for results (Cognitive Process Dimension).  
During class activities, students must identify additional information needed to evaluate 
the problem (Question 7), and determine if the inference is supported by information (Question 
8).  Students are able to learn from this effective method as they have to recognize additional 
information needed and then analyze if statements are supported by information (Cognitive 
Process Dimension).  The instructor challenges students by providing them scenario-based 
questions in assignments and exams and posing the question “what went wrong?” so the students 
must use and apply relevant information to evaluate the problem (Question 11).  This methods 
allows students to practice applying analyzing and evaluating information that relates to the 
problem on hand (Cognitive Process Dimension).   
One specific assignment is a synch protocol assignment.  Students are faced with a 
scenario and must identify and explain the best solution for the real-world problem (Question 13 
and 14).  This method forces higher order thinking skills to be practiced as students have to 
identify a solution and then distinguish between several solutions which one would be the best 
for the scenario (Cognitive Process Dimension).  Students are provided examples of spurious 
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relationships and how to evaluate how strongly the information supports a claim (Question 5) 
during lectures but are not directly taught the skill which isn’t an effective method to teach. 
AnS 352 (Table 4.18) teaches twelve critical thinking skills throughout the course.  While 
completing exams and problems sets, students summarize information given to them (Question 
1) and interpret different genetic values (Question 3) and interpret the answer they come up with 
(Question 8).  Quizzes are open note to allow students to go and find additional information 
(Question 4) to completely answer the question.  For exams, students are given the formulas and 
they must assess the question and figure out which piece of additional information (Question 7) 
is needed to complete the problem.  When completing a problem, students provide relevant 
alternative interpretations (Question 9) of the value they come up with to tie it back to the 
question the instructor provides them.  One specific problem set students deal with is genetic 
change where students pick out what information is relevant to utilize in the problem (Question 
10 and 11).  These problem sets require the students to use basic mathematics skills to evaluate a 
problem (Question 12) as that is the basis of the course.   
The instructor provides lessons to the students where they have to identify the solution 
when dealing with a crossbreeding example and apply it to real world (Question 13), explain a 
solution when working through EPDs that are applying to a producer setting (Question 14) and 
find a new solution when the problem changes in predicting genetic change over time (Question 
15).  All of these methods are effective ways to teach critical thinking skills.  By participating in 
problem sets, quizzes and exams students first have to remember the content and fully 
understand to then apply it to the problems presented to them.  Students have to analyze the 
information and then evaluate to create a solution for the problem.  All of these methods are 
categorized within the Cognitive Process and Knowledge Dimensions.  
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Table 4.17 
AnS 331- Domestic Animal Reproduction  
Question Directly 
Taught 
Indirectly 
Taught 
Method Examples  Effective 
Method? 
1) Summarize the patterns of results  
Yes No Instructor points out trends across genders in 
development biology  
No 
2) Evaluate how strongly data supports a hypothesis No No   
3)  Provide alternative explanations for results  
Yes No Journal article assignment students come up 
with different explanations 
Yes 
4)  Identify additional information needed to 
evaluate a hypothesis  
Yes No Students do a literature search and learn 
biased vs. unbiased research 
Yes 
5) Evaluate whether information supports a 
hypothesis 
No Yes Examples in lecture No 
6)  Provide alternative explanations for spurious 
associations 
No No   
7)  Identify additional information needed to 
evaluate a hypothesis  
Yes No Research activity  Yes 
8)  Determine whether an inference is supported by 
information 
Yes No Activity where students must find a product 
backed by factual data 
Yes 
9)  Provide relevant alternative interpretations for a 
specific set of results 
No No   
10)  Separate relevant from irrelevant information 
No Yes Instructor utilizes case studies to lead class 
discussions 
No 
11)  Use and apply relevant information  
Yes No Scenario based question (assignments and 
exams) “what went wrong?” 
Yes 
12)  Use basic mathematical skills to help solve a 
problem 
No No   
13)  Identify solutions for a problem  
Yes No Student utilize synch protocols and address 
the issue 
Yes 
14)  Identify and explain the solution for a problem  
Yes No With the synch protocols, they then have to 
explain the issue 
Yes 
15)  Explain how changes in a problem situation 
might affect the solution 
No No   
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Table 4.18 
AnS 352- Genetic Improvement of Domestic Animals  
Question Directly 
Taught 
Indirectly 
Taught 
Method Examples  Effective 
Method? 
1) Summarize the patterns of results  
Yes No Students summarize information presented in 
assignments 
Yes 
2) Evaluate how strongly data supports a hypothesis No No   
3)  Provide alternative explanations for results  Yes No Student interpret values in problem sets Yes 
4)  Identify additional information needed to evaluate a 
hypothesis  
Yes No Quizzes are open note to allow students to go 
and find additional information  
Yes 
5) Evaluate whether information supports a hypothesis No No   
6)  Provide alternative explanations for spurious 
associations 
No No   
7)  Identify additional information needed to evaluate a 
hypothesis  
Yes No Formulas and students must assess the 
question and identify which one to use 
Yes 
8)  Determine whether an inference is supported by 
information 
Yes No Students must interpret the answer Yes 
9)  Provide relevant alternative interpretations for a specific 
set of results 
Yes No Students must understand what a value means 
and how to interpret it 
Yes 
10)  Separate relevant from irrelevant information 
Yes No Genetic change assignment- students pick 
and choose the relevant information  
Yes 
11)  Use and apply relevant information  Yes No Must use a formula and then interpret it Yes 
12)  Use basic mathematical skills to help solve a problem 
Yes No Problems sets have students using math for 
calculating different genetic characteristics  
Yes 
13)  Identify solutions for a problem  
Yes No Instructor provides a crossbreeding examples 
and students apply how they could use it in 
management decisions  
Yes 
14)  Identify and explain the solution for a problem  
Yes No Students sort through EPDs and select the 
animal based on a scenario and explain why 
that one would work 
Yes 
15)  Explain how changes in a problem situation might 
affect the solution 
Yes No Predicting genetic change over time 
problems- if one thing changes what will 
happen  
Yes 
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AnS 411 (4.19) reported that during the course seven critical thinking skills are taught.  
Through lectures and class discussions, guest speakers utilize infographics to base their 
discussion off of and evaluate how strongly data supports a claim (Question 2).  These speakers 
also provide the class with real world examples of inferences support by specific information 
(Question 8).  Even though this is a good way to expose students to this skill it’s not the most 
effective way since guest speakers are directly teaching the skills in their lesson.  Students during 
this course learn skills to successfully write editorials, write an issue statement and give a 
persuasive presentation.  One of the skill building exercises students learn about is digital 
fragmentation.  They are able to provide alternative explanations for the patterns of results 
(Question 3) of digital fragmentations through worksheets and discussions.  This is an effective 
method as the students have to have the understanding of the new material to be successful to 
apply the information to the worksheet, small group discussions and then class discussions which 
falls within the Cognitive Process Dimension.    
Before students give a persuasive presentation, the instructor gives an example 
presentation on fur farming.  Students then practice evaluating the instructor and participates in a 
discussion on controversial topics where alternative explanations of spurious associations 
(Question 6) are brought up.  For the presentations, students have to provide relevant 
interpretations of sets of results (Question 9) on their topic while identifying the problem on 
hand and explaining the solution (Question 13 and 14). These methods are effective methods as 
students apply factual information to a presentation where students have to create a unique topic 
that they are passionate about to talk about (Cognitive Process Dimension).  Students are not 
directly taught how to separate relevant from irrelevant information or how to use and apply the  
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Table 4.19 
AnS 411- Addressing Issues in Animal Science  
Question Directly 
Taught 
Indirectly 
Taught 
Method Examples  Effective 
Method? 
1) Summarize the patterns of results  No No   
2) Evaluate how strongly data supports a hypothesis 
Yes No Guest speakers’ utilize infographics to base their 
discussion off of for the class 
No 
3)  Provide alternative explanations for results  
Yes No Digital fragmentation lesson- student learn 
background knowledge and apply it in a group 
activity  
Yes 
4)  Identify additional information needed to evaluate a 
hypothesis  
No No   
5) Evaluate whether information supports a hypothesis No No   
6)  Provide alternative explanations for spurious 
associations 
Yes No Must analyze an example speech and discuss the  
in small groups and with the class 
Yes 
7)  Identify additional information needed to evaluate a 
hypothesis  
No No   
8)  Determine whether an inference is supported by 
information 
Yes No Guest speakers provide class with real world 
examples 
No 
9)  Provide relevant alternative interpretations for a 
specific set of results 
Yes No Students practice this in by giving their own 
presentation 
Yes 
10)  Separate relevant from irrelevant information 
No Yes Students research information for their editorials 
and presentations  
No 
11)  Use and apply relevant information  
No Yes Students research information for their editorials 
and presentations 
No 
12)  Use basic mathematical skills to help solve a 
problem 
No No   
13)  Identify solutions for a problem  Yes No Students write an issue statement  Yes 
14)  Identify and explain the solution for a problem  
Yes No Students not only write an issue statement but 
then explain why it’s important 
Yes 
15)  Explain how changes in a problem situation might 
affect the solution 
No No   
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relevant information but they practice those skills when writing their editorials and preparing 
their presentations.   
Chapter Summary 
  The purpose of this study is to evaluate the current levels of critical thinking skills in the 
Department of Animal Science at Iowa State University.  Objective one utilized a random 
sample of traditional freshmen and senior students to test their critical thinking skills and then 
compare them to the national norm. When comparing these two separate groups to the national 
norm, we found that the freshmen significantly performed higher than the national norm in three 
questions and the overall CAT Exam Total whereas the senior group underperformed 
significantly for two questions and the overall CAT Exam Total.  The researcher can conclude 
that the animal science program has freshmen that perform better than the national norm but the 
senior group does not grow as much to be competitive when compared to other four-year 
institutions.  After comparing the national norm, the two Iowa State University Animal Science 
grade levels were compared to one another to see if there were differences in critical thinking 
skills from each group to answer objective two.  After comparing the two student groups by 
different demographics, there was a significant difference between the Animal Science seniors to 
the freshmen to answer objective three within gender within specific grade levels.   
Objective four utilized curriculum mapping to map out where critical thinking skills are 
being taught in the core coursework of animal science.  Even though instructors claim that they 
taught critical thinking, there was no direct impact on the students.   
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CHAPTER 5. DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 
The purpose of this study was to explore differences in critical thinking skills between 
freshmen and senior Animal Science students and determine where in the curriculum the critical 
thinking skills are being taught.  Four objectives guided this study:  
1. Compare freshmen and senior Animal Science students to the national critical 
thinking skill norms 
2. Determine if there’s a difference between freshmen and senior Animal 
Science students in critical thinking 
3. Determine if there’s a difference in critical thinking skills based upon selected 
demographic variables 
4. Map critical thinking skills instructional methods in core animal science 
courses 
Objective One- Comparison to National Norm 
Summary  
 To address the first objective a comparison was done of the ISU Animal Science Students 
to the norms.   The comparison not only looked at the overall comparisons but also looked at the 
individual critical thinking skills within CAT. The freshman group scored significantly higher 
than the national norm on separate relevant from irrelevant information when solving a real-
world problem (Question 10, p<0.01), Use basic mathematic skills to help solve a real-world 
problem (Question 12, p<0.05), and for CAT Total Score (p< 0.05).   
In the senior group, a two-tailed t-test was also completed.  Seniors scored significantly 
lower than the nation norm When comparing this group to the national norm, it was found that 
this group was significantly lower for identifying additional information needed to evaluate a 
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hypothesis (Question 7, p< 0.01), explaining how changes in a real-world problem situation 
might affect the solution (Question 15, p<0.01), and evaluating how strongly correlational- type 
data supports a hypothesis (Question 2, p< 0.05).  This group also scored significantly lower on 
the overall CAT Score (p<0.05).   
Conclusions 
It can be concluded that the freshmen entering the animal science program are 
outperforming the national norm freshmen as the Iowa State University animal science freshmen 
significantly scored higher on the overall CAT Score with a total of 15.19 compared to the 
national norm of 13.66 (p<0.05).  On the other hand, seniors in animal science do not perform at 
the national norm level within critical thinking as the Iowa State University animal science 
seniors scored an overall total of 17.47 points where the national norm scored 19.04 (p<0.05) 
total points on the exam.  This can be due to the fact that students are not given the opportunity 
to fully exercise these skills.   
Recommendations  
 As the results showed, the freshmen in the department are thinking at a higher cognitive 
level. Due to this fact, instructors at the lower level courses could start at the critical thinking 
level that the students come in with.  Traditionally, a program is trying to improve higher 
cognitive skills such as critical thinking skills you start at the lowest level and then challenge the 
student with higher order thinking levels (Fisher and Grant, 1983).  In this case, the freshmen 
don’t need to start at the lowest level but they are needing to be challenged right away so that 
they continue to make improvements.  
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Objective Two: Comparison between the Two Grade Levels 
Summary  
After seeing that the freshmen were outscoring national norm freshmen and that the 
seniors were below the national norm, objective two came about to see if there was actually a 
difference between the two groups.  The first comparison that was completed was between the 
two student group’s overall scores.  After running a two-tailed t-test with the alpha level= 0.05, 
we found a significant difference between the freshman and senior groups.   
 The overall critical thinking skills defined by CAT can be categorized into four different 
domains: Evaluate and Interpret Information, Problem Solving, Creative Thinking, and Effective 
Communication.  Each of the fifteen skills could be categorized from one to three of the 
domains.  Understanding that there was an overall difference between the two student groups, we 
still wanted to check to see if that included the domains as well since the seniors don’t score at 
the national norm.  A t-test was completed to compare the grand means among domains.  All the 
domains were significantly different with the seniors out-scoring the freshmen except for the 
Problem Solving domain in which significantly different was not.  Seeing that not all the 
domains were significantly different means that the freshmen group might be out scoring the 
seniors within the individual skills.  
Since the seniors weren’t significantly different than the freshmen in all of the domains 
we wanted to look deeper into it to see which questions were different and what level of critical 
thinking the skills were.  Looking at the fifteen skills the seniors actually only significantly 
scored higher than the freshmen for four skills:  providing alternative explanations for a pattern 
of results that has many possible causes (Question 3, p-value= 0.03), evaluating whether spurious 
information strongly supports a hypothesis (Question 5, p-value=0.05), using and applying 
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relevant information to evaluate a problem (Question 11, p-value=0.03), and identifying suitable 
solutions for a real-world problem using relevant information (Question 13, p-value=0.02).  Each 
of these skills ranged from low level (1pt) to medium level (3pt) of critical thinking.   
Conclusions  
From objective two, we can conclude that there’s a significant difference between the two 
grade levels within the animal science department at Iowa State University.  We do have to take 
into consideration that there are numerous factors causing this overall growth in the two student 
groups such as other courses outside the department of animal science and personal experiences 
within clubs, internships, jobs, etc.  Even though there is a difference between the two groups the 
seniors are still not performing at the high level as are their peers at other institutions.  This could 
be due to ineffective teaching strategies within the department.   
To effectively teach these skills, educators must focus on integrating these skills within 
the curriculum, individual courses, and then the lesson plans to have critical thinking as the 
overall outcome when thinking about teaching and learning (Broadbear, 2012; Swartz, 2000).  
Most college courses were primarily teaching at the lowest levels of cognitions from the level of 
course, subject area or even the time period spent on the specific topic (Fisher and Grant, 1983).  
If the freshmen are coming in at a higher cognitive thinking level then instructors don’t have to 
start at the lowest level allowing them to focus on higher order thinking skills.  
Recommendations  
Even though there are multiple factors that could be affecting the results of the two grade 
levels, the department needs to implement new strategies that they can control.   The main 
recommendation for working with this objective is for the department to focus improving  
teaching techniques within courses to improve critical thinking skills.  The best way to allow 
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students to utilize higher order thinking skills and gain critical thinking skills is to put them in a 
problem-solving environment.  This allows them to take a situation given to them, process and 
analyze the information and practice effective oral, and written communication (Wagner, 2008).  
Danielson (1996) found that the most effective way to improve curriculums is from the 
“backward design method” which has the instructors identify the end results before creating the 
course materials.  This allows the instructor to have the goals of the course on their mind always. 
 Even if an instructor exercises these skills, it is not effective if they do not assess the 
students in a correct way.  The next step to improve critical thinking skills is to align assessments 
with the level of thinking that students need to master.  Students will likely only work as hard as 
the assessment tool makes them.  If instructors are trying to have their students think at a higher 
cognitive level, they must move away from factual information assessment tools (multiple 
choice, simple fill in the blanks).  These types of tools encourage the students to strictly 
memorize the information which does not have high retention rate of information (Haynes et.  
al., 2016).  Just as the exercises during the courses, the assessment tools need to be problem 
based assessments where the students have to utilize critical thinking skills to be successful on 
the assessment tool.  
Objective Three: Demographics 
Summary  
Gender and grade levels were collected at the time of the students taking the CAT Test.  
A comparison was taken to see if there was any difference in gender within critical thinking 
skills.  Utilizing the Tukey HSD with an alpha level of 0.05 no difference in gender was found.  
Digging deeper, a comparison was completed to look at gender within the class levels.  There 
was a significant difference between senior females and freshman males.  
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Conclusions  
 From these comparisons, a conclusion can be made that there’s no difference in gender 
within the program.  There was significant difference between gender depending on their grade 
level within the comparison of freshmen males and seniors females (p<0.05). This difference 
however could be due to bias caused by gender and class.  
Recommendations  
 With this study data showed that there were no significant differences based on gender 
which aligns with other studies in the literature. However due to many studies not finding the 
same relationship between gender and critical thinking skills there’s an uncertain conclusion for 
the relationship between gender and critical thinking skills, further research on gender could be 
done but other demographic research could be more useful pieces of information for the 
department (Friedel et al., 2008).  In future studies, research can focus on other traits within the 
department to discover items that will make a greater impact such as GPA, species interest 
differences, location demographics (rural vs. city) or background with animals prior to coming to 
Iowa State University.  
Objective Four: Curriculum Mapping 
Summary 
 To address this objective the instructors of the twelve core courses that were selected for 
this study went through individual interviews to report what they specifically do in their own 
courses to teach critical thinking skills.  After the interviews there was an average of 75% of the 
core courses directly or indirectly teaching the skills within their courses.  Even though these 
instructors reported that they were teaching critical thinking skills only 50% of those courses 
were utilizing effective methods.   
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 Understanding that there is a disconnect between instructors thinking they teach critical 
thinking skills and effective methods, we separated the skills into their domains (Table 5.1).  
When looking at the results one could conclude that the Iowa State University Animal Science 
curriculum really focuses on problem solving-type skills.  However, when you compare it to the 
students’ scores from CAT, there wasn’t a difference in scores.  This might mean that even 
though the instructors teach these courses and report effective methods they might not be 
utilizing them in the correct way or might not be strategically teaching throughout their entire 
time within the program.  
Table 5.1 
Critical Thinking Domain Reported Teaching 
CT Domains % of Reported Teachings % of Effective Reported 
Methods 
Evaluate and Interpret Information 58% 57% 
Problem Solving 66% 75% 
Creative Thinking 58% 71% 
Effective Communication 58% 71% 
 
 The main reason to utilize curriculum mapping is to strategically spread out skills 
throughout a program, students can really focus on a few higher order skills as it takes time to 
fully learn and then practice these skills.  As you can see in Table 5.2, there really isn’t a system 
in place within the Animal Science curriculum.  Skills can be taught anywhere from twice 
throughout the curriculum to ten times.  Instructors reported to be teaching critical thinking skills 
however,  their methods are not effective in teaching these specific skills.  
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Table 5.2 
Overall Instructor Skill Reports  
Question Direct 
Teaching 
Indirect 
Teaching  
No 
Teaching 
Effective  
Teaching  
1) Summarize the patterns of results  7 2 3 3 
2) Evaluate how strongly data supports a 
hypothesis 
3 0 9 1 
3)  Provide alternative explanations for results  8 0 4 6 
4)  Identify additional information needed to 
evaluate a hypothesis  
6 2 4 5 
5) Evaluate whether information supports a 
hypothesis 
5 1 6 2 
6)  Provide alternative explanations for spurious 
associations 
2 2 8 1 
7)  Identify additional information needed to 
evaluate a hypothesis  
6 1 5 6 
8)  Determine whether an inference is supported 
by information 
5 3 4 2 
9)  Provide relevant alternative interpretations 
for a specific set of results 
6 1 5 5 
10)  Separate relevant from irrelevant 
information 
3 2 7 2 
11)  Use and apply relevant information  10 1 1 8 
12)  Use basic mathematical skills to help solve 
a problem 
4 3 5 4 
13)  Identify solutions for a problem  7 2 3 8 
14)  Identify and explain the solution for a 
problem  
7 1 4 6 
15)  Explain how changes in a problem situation 
might affect the solution 
5 0 7 5 
 
Within the curriculum, all of the skills are being taught at least in one course.  Each of the 
questions that were significantly different between the two groups ranged from two courses 
directly teaching it to ten out of the twelve courses teaching it (Fig. 5.1).   
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Figure 5.1. Overview of which skills are being taught 
Conclusions  
Overall a conclusion can be made that the instructors are trying to teach critical thinking 
skills; however aren’t utilizing the best methods due to maybe a lack of training on different 
teaching techniques for critical thinking skills. There is no consistency between teaching and 
critical thinking scores.  We wonder if the instructors are saying that they teach it but do not 
understand what the principles are behind critical thinking skills as none of the reported critical 
thinking teaching methods were 100% effective methods for critical thinking.  Instructors 
claimed that students were taught these skills twice to six times throughout their curriculum.  
Having inconsistencies of teaching these skills, students are given the opportunity to exercise 
critical thinking.  Are they teaching it but not assessing the skill correctly or are other courses 
outside of the department teaching these skills allowing the students to exercise and grow these 
skills?  
Recommendations  
The first step in improving critical thinking in the curriculum is to map out where these 
skills should be taught and exercised throughout the curriculum.  Instructors need to focus on 
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two to three skills per course to really allow students to fully learn and exercise those skills.  One 
must first master each level of Bloom’s Taxonomy to achieve higher order thinking skills.  If 
there is no systematic way of moving students through each level of thinking, one cannot gain 
critical thinking skills.  Collaboration amongst instructors in the department allows everyone to 
understand where and how these skills are being taught so that instructors can build upon on 
another moving student through the process of achieving critical thinking skills (Uchiyama & 
Radin, 2009).   
To start mapping out the curriculum, it is best to first define the goals of the department 
and each course, define what activities an instructor might utilize, organize all the experiences, 
and then evaluate the goals at the end (Tyler, 1950; Taba, 1962).  From curriculum mapping the 
department should be able to answer the three key questions or curriculum mapping which are a) 
Who is doing what? b) How does the work align with the program’s goals and outcomes? c) Are 
we working efficiently and effectly? (Jacobs, 2004).  Once the skills are assigned to specific 
courses then the instructor can start implementing effective teaching techniques. 
Contribution to the Animal Science Department 
 This study adds knowledge to the department about its curriculum and the students’ 
critical thinking skills.  Prior to this project, the department did know that the students were not 
performing on the same level as the national norm in critical thinking skills (Skaar, 2013).  
Questions still were left unanswered, as the department did not know if there was a difference 
between freshman and seniors and if any of the core courses were teaching critical thinking 
skills.  Now we can say that there is a difference from when students enter the program to when 
they leave.  However, data show that students are not capable performing at a level that is 
comparable to other students in a four-year university.  
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 With this information, the question now is how can the department change their 
curriculum to improve their students’ critical thinking skills? The first step is to strategically plan 
where certain skills are going to be taught and exercised.  Currently, there is no specific system 
of knowing what students are exposed to before they enter a certain course.  The lower level 
courses should introduce the lower level critical thinking skills and as a student works their way 
through the curriculum, they should be taught the more complex critical thinking skills along 
with reinforcing the skills taught in previous courses.  
Contribution to Literature 
 Researchers have stated that to gain critical thinking skills you must utilize higher order 
thinking skills (Rudd, Baker & Hoover, 2000).  The higher order thinking skills goes through 
various levels of thinking to be able to achieve them.  Bloom’s taxonomy states that one does not 
start thinking critically until the fourth step in the Six Step Bloom’s Taxonomy pyramid (Adams, 
2015).  Understanding the process behind critical thinking skill is essential to fully understand 
why students are achieving the levels of critical thinking they are.  We already know that higher 
education has not fully utilized new techniques to teach critical thinking skills (Fisher & Grant, 
1983).  As the freshman entering the animal science program, they are performing at a higher 
level than their peers at other institutions.  If instructors are not fully utilizing new techniques, 
there would not be significant change in their students.  Although the seniors did score 
significantly higher than the freshman, we cannot say that the direct impact was from the animal 
science curriculum as we know professors are not utilizing the correct techniques. 
 Collaboration on curriculum is key to ensure an equal amount of teaching for each skill 
(Uchiyama & Radin, 2009).  When instructors get together and map out the curriculum, it allows 
them to see where the skill is being taught, if it aligns with the programs goals and outcomes and 
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if it’s being efficiently and effectively taught (Jacobs, 2004).  Looking at where instructors say 
they are teaching different skills varies tremendously as the courses vary from teaching two of 
the skills all the way to twelve of the skills within a specific course.  Evenly building these skills 
will allow instructors to focus on a small amount of skills for the students to master by the time 
they are seniors.   
 These skills are important to teach throughout the curriculum as there is a high demand 
from students’ potential employers to have these types of skills.  To continually learn after 
students leave a program, they need to have the ability to think to be successful in a science or 
technology field (Lancelot, 1929).  
Importance of Findings 
 The ability to think critically enables someone to find meaning in the world (Burris and 
Garton, 2007).  We know that employers want students coming out into the industry to be able to 
think critically.  Majority of the employers (75%) want colleges to put more emphasis on critical 
thinking skills as they feel higher education is where the students should learn these skills not out 
in the industry (Scanlon, Bruening, & Cordero, 1996; AACU, 2013).  Seeing the desire from the 
department’s student’s potential employers, it is essential that the Department of Animal Science 
should respond.  Since we know that Iowa State University Animal Science students are not 
performing at the same level in critical thinking compared to the national norm, then to 
continually be competitive in the animal science teaching, new techniques must be added to 
allow the students to practice critical thinking skills.  Students cannot grow and gain new skills if 
they are not given the opportunity to learn the skill, exercise them, and be assessed on the skill.  
By evenly spreading out the teaching responsibility across the entire curriculum, students would 
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efficiently and effectively be taught the skills that allow them to think at a higher order and to 
think critically as their future employers are requesting.  
 The goals for this project was to assess the level of critical thinking skills in both the 
freshman and senior class, see if there was a difference between the two classes, and to map out 
where these skills are being taught.  The CAT test was utilized to measure these critical thinking 
skills.  This STEM based exam aligns with the goals of the Department of Animal Science.  The 
department wants to develop and with the assessment focused on science it pairs nicely with the 
curriculum.  This assessment also gives faculty members an opportunity to be fully involved 
with the scoring process.  By having faculty members read the responses of their students, they 
can understand the students thinking process.  From seeing the students responses on the exam 
questions, faculty members can change the techniques in their classroom.   
Further Research 
 After completing this study, doors have been open for further research to continually 
improve critical thinking skills in the animal science curriculum.  Mapping out the courses where 
exactly instructors are teaching the skills of critical thinking is a great start but it does not answer 
the question of the exact techniques the instructors are utilizing to allow students to exercise 
critical thinking skills.  After clarification of techniques of critical thinking exercises, there needs 
to be a study to ensure what is being taught aligns with the outcomes of the course and the 
department along with the assessment tools that the department will be utilizing to measure 
levels of critical thinking skills such as the CAT Test.  We know there are several factors that 
play a role in the improvement of critical thinking skills.  Working with the other faculty 
members that teach the animal science students’ general courses might increase the overall 
awareness of what the students are exposed to during their time at Iowa State University. 
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APPENDIX B. CAT EXAM ACCURACY REPORT 
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APPENDIX C. FRESHMAN MEANS COMPARISON TO NATIONAL NORM 
 
Evaluate 
and 
Interpret 
Info 
Problem 
Solving 
Creative 
Thinking 
Effective 
Comm. Skill Assed by CAT Question 
National 
Mean 
Institution 
Mean 
Effect 
Size 
X       
1)  Summarize the patterns of results in a graph without making 
inappropriate inferences 0.58 0.6   
X     X 
2)      Evaluate how strongly correlational-type data supports a 
hypothesis 0.69 0.84   
    X X 
3)      Provide alternative explanations for a pattern of results that has 
many possible causes 0.67 0.71   
  X X X 4)      Identify additional information needed to evaluate a hypothesis  0.96 0.99   
X       
5)      Evaluate whether spurious information strongly supports a 
hypothesis 0.52 0.55   
    X X 6)      Provide alternative explanations for spurious associations 1.04 1.13   
  X X X 7)      Identify additional information needed to evaluate a hypothesis  0.57 0.51   
X       
8)      Determine whether an invited inference is supported by specific 
information 0.46 0.55   
    X X 
9)      Provide relevant alternative interpretations for a specific set of 
results 0.7 0.75   
X X     
10)  Separate relevant from irrelevant information when solving a real-
world problem 3.01 3.51** +0.56 
X X   X 11)  Use and apply relevant information to evaluate a problem 0.88 1   
  X     12)  Use basic mathematical skills to help solve a real-world problem 0.75 0.89* +0.37 
X X     
13)  Identify suitable solutions for a real-world problem using relevant 
information  0.75 0.8   
X X   X 
14)  Identify and explain the best solution for a real-world problem using 
relevant information  1.65 1.67   
  X X X 
15)  Explain how changes in a real-world problem situation might affect 
the solution 0.52 0.71   
    CAT Total Score 13.66 15.19* +0.32 
Note: Significant at *p<.05, **p<.01  
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APPENDIX D. SENIOR MEANS COMPARISON TO NATIONAL NORM 
 
Evaluate 
and 
Interpret 
Info 
Problem 
Solving 
Creative 
Thinking 
Effective 
Comm. Skill Assed by CAT Question 
National 
Mean 
Institution 
Mean 
Effect 
Size 
X       
1)  Summarize the patterns of results in a graph without making 
inappropriate inferences 0.67 0.62  
X     X 
2)      Evaluate how strongly correlational-type data supports a 
hypothesis 1.21 0.92* -0.27 
    X X 
3)      Provide alternative explanations for a pattern of results that 
has many possible causes 1.35 1.12  
  X X X 
4)      Identify additional information needed to evaluate a 
hypothesis  1.41 1.17  
X       
5)      Evaluate whether spurious information strongly supports a 
hypothesis 0.73 0.72  
    X X 6)      Provide alternative explanations for spurious associations 1.56 1.55  
  X X X 
7)      Identify additional information needed to evaluate a 
hypothesis  0.82 0.57** -0.4 
X       
8)      Determine whether an invited inference is supported by 
specific information 0.68 0.6  
    X X 
9)      Provide relevant alternative interpretations for a specific set 
of results 0.93 0.75  
X X     
10)  Separate relevant from irrelevant information when solving a 
real-world problem 3.14 3.25  
X X   X 11)  Use and apply relevant information to evaluate a problem 1.11 1.25  
  X     
12)  Use basic mathematical skills to help solve a real-world 
problem 0.82 0.88  
X X     
13)  Identify suitable solutions for a real-world problem using 
relevant information  1.18 1.22  
X X   X 
14)  Identify and explain the best solution for a real-world problem 
using relevant information  2.29 2.25  
  X X X 
15)   Explain how changes in a real-world problem situation might 
affect the solution 1.15 0.69** -0.51 
    CAT Total Score 19.04 17.47* -0.28 
Note: Significant at *p<.05, **p<.01 
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APPENDIX E. FREQUENCY OF POINTS AWARDED FOR EACH QUESTION 
 
  Freshman 
 
 
Senior 
Skill Assessed by CAT Question 
Points 
Awarded Freq. 
Freq 
% Freq. 
Freq 
% 
1) Summarize a pattern of information without making 
inappropriate  0 22 40.00 23 38.30 
Inferences 1 33 60.00 37 61.70 
 0 26 47.30 26 43.30 
2) Evaluate how strongly correlational-type data supports a 
hypothesis  1 18 32.70 20 33.30 
  2 5 9.10 7 11.70 
  3 6 10.90 7 11.70 
  0 29 52.70 19 31.70 
3)Provide alternative explanations for observation 1 16 29.10 20 33.30 
  2 7 12.70 16 26.70 
  3 3 5.50 5 8.30 
  0 22 40.00 23 38.30 
  1 17 30.90 16 26.70 
4)Identify additional information needed to evaluate a 
hypothesis  2 13 23.60 12 20.00 
  3 1 1.80 6 10.00 
  4 2 3.60 3 5.00 
5) Evaluate whether spurious relationships strongly support a 
hypothesis 0 25 45.50 17 28.30 
  1 30 54.50 43 71.70 
  0 12 21.80 4 6.70 
6) Provide alternative explanations for spurious associations 1 25 45.50 25 41.70 
  2 17 30.90 25 41.70 
  3 1 1.80 6 10.00 
  0 31 56.40 29 48.30 
7) Identify additional information needed to evaluate a 
hypothesis 1 20 36.40 28 46.70 
  2 4 7.30 3 5.00 
8) Determine whether an invited inference is supported by 
specific information  0 25 45.50 24 40.00 
  1 30 54.50 36 60.00 
9) Provide relevant alternative interpretations for a specific set 
of results 0 20 36.40 22 36.70 
  1 29 52.70 31 51.70 
  2 6 10.90 7 11.70 
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*Note- High order of critical thinking skills are awarded a higher amount of points 
Freshman Seniors 
Skill Assessed by CAT Question 
Points 
Awarded Freq. 
Freq 
% Freq. 
Freq 
% 
 
 
 
10) Separate relevant from irrelevant information when solving 
a real-world  0 0 0.00 0 0.00 
Problem 1 1 1.80 2 3.40 
 2 3 5.50 9 15.30 
  3 18 32.70 20 33.90 
  4 33 60.00 28 47.50 
  0 13 23.60 6 10.00 
11) Use and apply relevant information to evaluate a problem 1 29 52.70 33 55.00 
  2 13 23.60 21 35.00 
12) Use basic mathematical skills to help solve a real-world 
problem 0 6 10.90 7 11.70 
  1 49 89.10 53 88.30 
  0 22 40.00 14 23.70 
13) Identify suitable solutions for a real-world problem using 
relevant  1 25 45.50 27 45.80 
information  2 5 9.10 9 15.30 
  3 3 5.50 9 15.30 
  0 24 43.60 19 31.70 
  1 7 12.70 9 15.00 
14) Identify and explain the best solution for a real-world 
problem using  2 2 3.60 0 0.00 
relevant information 3 10 18.20 8 13.30 
  4 9 16.40 18 30.00 
  5 3 5.50 6 10.00 
  0 27 49.10 27 45.00 
15) Explain how changes in a real-world problem situation 
might affect the  1 20 36.40 26 43.30 
solution  2 5 9.10 6 10.00 
  3 3 5.50 1 1.70 
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APPENDIX F. OVERALL CURRICULUM DATA: REPORTED BY INSTRUCTORS 
Questions AnS 
101 
AnS 
114 
AnS 
210 
AnS 
211 
AnS 
224 
AnS  
225 
AnS  
226 
AnS  
319 
AnS 
320 
AnS 
331 
AnS  
352 
AnS  
411 
1) Summarize the patterns of results  2 1 No 1 2 1 1 1 No 1 1 No 
2) Evaluate how strongly data 
supports a hypothesis 
No No No 1 No No No 1 No No No 1 
3)  Provide alternative explanations 
for results  
No 1 No No 1 1 1 No 1 1 1 1 
4)  Identify additional information 
needed to evaluate a hypothesis  
2 No 1 1 2 1 No No 1 1 1 No 
5) Evaluate whether information 
supports a hypothesis 
No 1 No 1 1 No 1 1 No 2 No No 
6)  Provide alternative explanations 
for spurious associations 
No No No 2 2 No No 1 No No No 1 
7)  Identify additional information 
needed to evaluate a hypothesis  
No No No 1 2 No 1 1 1 1 1 No 
8)  Determine whether an inference 
is supported by information 
2 1 No 1 2 No No 2 No 1 1 1 
9)  Provide relevant alternative 
interpretations for a specific set of 
results 
No No 1 No 2 1 1 1 No No 1 1 
10)  Separate relevant from 
irrelevant information 
No No No 1 No No 1 No No 2 1 2 
11)  Use and apply relevant 
information  
No 1 1 1 1 1 1 1 1 1 1 2 
12)  Use basic mathematical skills to 
help solve a problem 
2 No No No 2 1 2 1 1 No 1 No 
13)  Identify solutions for a problem  No 2 No 1 2 1 1 1 No 1 1 1 
14)  Identify and explain the solution 
for a problem  
No No No 1 2 1 1 1 No 1 1 1 
15)  Explain how changes in a 
problem situation might affect the 
solution 
No No No 1 No 1 1 1 No No 1 No 
Note: 1= direct teaching, 2=indirect teaching, No= no teaching  
 
